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Among the multitude of non-infectious diseases affecting 
the animal population bloat Is one of the more deleterious. 
Bloat may occur in many species of animals, however, by popu­
lar usage of the terra reference in usually to ruminants in 
general and to bovine and ovine in particular. Bloat in 
ruminants may be simply defined as an accumulation of rumlnal 
gas in a quantity beyond normal physiological limits. However, 
the different types of bloat and their various ramifications 
cannot be so easily defined inasmuch as the bloat syndrome is 
exceedingly complex. Such complexity partially explains why 
many questions remain unanswered. Part of the complexity lies 
in the eplzootiology of the disease. The incidence in any one 
season may range from sporadic to epizootic and the appearance 
from Insidious to acute. Severity of individual cases may 
range from mild to extremely severe, and consequently the 
mortality from low to high. Many livestock owners have safely 
pastured animals for weeks with no evidence of bloat only to 
suddenly lose many individuals within a period of a few hours. 
Consequently owners are unwilling to risk utilizing fully the 
lush legume pastures which could provide abundant and highly 
nutritional forage. 
Bloat is a universal disease. Synonyms in common usage 
in different parts of the world are meteorism, tympanites and 
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hoven. The disease may be a problem wherever subject species 
of animals exist, although a greater incidence apparently 
occurs in certain geographical locations. Factors which could 
be responsible for this are forage type, weather, husbandry 
methods and animal strains or families. 
Surveys of sample populations have indicated that 
measurable annual economic losses from primary bloat are 
sufficiently large to classify this as a major disease; how­
ever, the unmeasurable annual economic losses due to pasture 
wastage are still larger. Each growing season much legume 
pasture is either lost or not fully utilized due to pre­
cautionary measures employed to avoid the occurrence of fatal 
bloat. In view of the magnitude of such losses, bloat has 
long been a subject for repeated and intense research. Never­
theless, today only theories exist, some new and some old, 
to explain bloat etiology. 
We are now in an era of intense research in the area of 
bloat. Coordinated inter-institutional effort may reveal 
basic truths which could lead to the resolvement of major 
etiological and therapeutical aspects not yet well understood. 
As with other livestock diseases of unknown etiology, many 
hypotheses exist. Some individuals believe that evidence is 
sufficient to establish the validity of hypotheses; neverthe­
less, many refutable aspects exist. Absolute proof for each 
of the hypotheses is lacking. On the contrary an increasing 
number of Investigators are recognizing bloat as a complex 
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syndrome, an amalgamation of closely related disease enti­
ties. A review of recent literature emphasizes the need for 
further basic research to uncover new facts and better 
clarify currently recognized facts (what few there are) in 
the area of physical and chemical properties of rumen fluid 
and bloat-provoking feed entities. 
At this institution major emphasis has been placed on 
various physical and nutritional factors related to bloat. 
One specific objective of this experiment was to secure 
additional data relative to existing hypotheses on bloat 
etiology and therapy. Criteria included are surface tension, 
ingesta frothiness, fermentation, specific gravity and 
viscosity of both rumen fluid and plant extracts. Such factors 
were studied both vitro and in vivo for possible independent 
and/or interrelated aspects. A further objective was to 
study relationship of such properties to clinical Incidence and 
severity of various types of bloat, including the green 
forage type, feed-lot type and chronic type. The effects of 
various therapeutic and prophylactic agents upon the afore­
mentioned factors were studied in vitro and in vivo. 
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REVIEW OP LITERATURE 
Occurrence of Bloat 
Civilization possibly recognized tympanites as a diseas 
entity prior to the eighteenth century although it is unlikely 
that much serious bloat occurred. Not until that era were 
legume pastures extensively used or were cattle bred for 
high production. With the breeding and feeding of animals 
for greater production resulting in greater body stress, 
physiological malfunctions such as rumen impaction, engorge­
ment and bloat became noticeably important. Some of the 
earliest recorded research on such non-infectious syndromes 
was done toward the end of the nineteenth century. Our 
present knowledge of ruminant disorders began with the 
recognition of cellulose as a source of gas (178) and as the 
source of rurainal gases via fermentation (210,211). The 
composition of rurainal gases was studied by early German 
scientists (178,211) and found to consist of carbon dioxide, 
methane, hydrogen and nitrogen. The ratio of ruminal gases, 
which is accepted today, of approximately two-thirds carbon 
dioxide and one-third methane was suggested in l882 (211); 
however, other investigators (77) found only methane. 
Many surveys have been made to determine the magnitude 
of bloat incidence and the economic loss involved. A Federal 
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survey of bloat incidence in the great plains states (46) in 
1933 indicated that ten percent of the farms sustained animal 
population losses due to bloat. A survey conducted in 
Minnesota (80,89) substantiated the importance of bloat in the 
corn belt. Surveys have also been conducted in other count­
ries. One such survey in Scotland indicated that dairy 
cattle are more susceptible to bloat than are beef animals 
or sheep (15I). 
Physiology and Anatomy in Relation to Bloat 
The weight and volume of rumen tissue and rumen contents 
increase rapidly in early life and were found (135) to exceed 
those of the abomasum between 7 and 30 days of age in the 
bovine. This suggested that rumen fermentation is occurring 
and rumen gases are present early in life. 
Normal eructation is necessary for the escape of ruminal 
gases which form during fermentation. Eructation was found 
to be dependent upon the reflex opening of the cardiac ori­
fice (132) which is normally relaxed (l) and closed (204). 
The ability to eructate is lost when the vagus nerve, which 
is parasympathetic to the rumen musculature (110), is severed. 
Injection of chloroform into the region of the vagus nerve 
resulted in the same pathology and lead to tympany (232). 
There is some indication that rumen musculature is also 
influenced chemically Inasmuch as sodium acetate, propionate 
or butyrate, when injected intravenously into sheep at the 
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rate of 100 mg, per kilogram body weight, immediately inhibited 
rumen motility (68). Other factors such as esophageal 
obstruction, frothing of the ingesta, degree of fill in the 
ruen, anatomical defects in the rumen or esophagus, trauma 
and posture have been observed to influence the reflex act. 
Overfilling the rumen may hinder eructation by decreasing 
the accessibility of the cardiac orifice for escape of gases. 
It has been suggested (226) that animals with a non-function­
ing reticulum possibly more easily overfill inasmuch as 
reticulum motility is vital to both eructation and digestion. 
The eructation mechanism, employing forced air insuffla­
tion, was determined to be as follows (57). A wave of con­
traction in rumen musculature moves anterior from the poster­
ior sac of the rumen in contrast to the direction of rumen 
contractions which mix the ingesta. As the cardla is cleared 
by relaxation of the reticulum the cardiac orifice opens by 
contraction of the rumino-retlcular fold, thus allowing gas 
to enter the esophagus and be eructated. The primary 
stimulus, which initiates this sequence of events climaxed 
by eructation, is the presence of gas in the posterior dorsal 
sac. 
Cinefluorographic studies of the sheep rumen revealed 
that even with serious overfilling of the rumen, eructation 
occurred inasmuch as contractions of the rumen and reticulum 
were able to clear ingesta from the cardla and allow concurrent 
esophageal relaxation (6^). However, It was difficult to 
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artificially cover the cardia with fluid. Consequently, the 
mechanical overfilling of the rumen by excess feed intake 
may not be the cause of bloat. Eructation is apparently 
dependent upon ruminal contraction inasmuch as opening of 
the esophagus only occurred following a strong ruminal con­
traction (97). It is interesting to note that increased 
abdominal pressure, as in coughing, defecation or urination, 
facilitated eructation (229). However, eructation can 
occur in animals with open fistulas (228)j therefore, neither 
negative or positive intra-ruminal pressure is essential. 
Rumen motility concerned with mechanical digestion is 
an Important physiological process related to bloat. Normal 
rumen motility has been described repeatedly in the literature 
(67,131*176,183^189). Dukes (67) described pendulum-like 
contractions, traveling waves and strong tonus in the blind 
sacs, whereas the reticulum had energetic double contractions 
which occurred regularly and preceded the rumen contractions. 
Contractions were cyclic and occurred approximately 50 to 70 
seconds apart (I76); however, the duration of each cycle 
differed considerably among the animals. Vagus stimulation 
resulted in powerful movements of all parts of the rumen, 
and cholinergic autonomic drugs stimulated rumen motility 
(5i39il83)> and therefore have therapeutic value in cases of 
ruminal stasis. 
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The phenomena of rumination or regurgitation are not 
so directly concerned with tympanites. Nevertheless, these 
phenomena are related to and dependent upon rumen motility 
inasmuch as reticular contractions are required to fill the 
esophagus with Ingesta and close the cardiac opening, and 
subsequently the bolus Is aspirated to the oral cavity by 
negative intraesophageal pressure (20,47*164,232), 
Absorption through the rumen wall undoubtedly is 
related to the bloat syndrome. There is abundant evidence 
that absorption occurs freely through both rumen and reticulum 
mucosa. Davey (50) determined that osmotic pressures in 
the rumen and reticulum are identical to osmotic pressure 
in the blood vascular system. Volatile fatty acids are 
absorbed well (49,84,148), and solutions such as dextrose 
are freely transported to the blood via absorption from the 
rumen (185,215). Of more importance is the fact that gases 
are absorbed into the blood by way of the rumen-reticular 
mucosal layer (126), thus the greater part of the carbon 
dioxide produced in the rumen apparently is transferred to 
the blood (234). Experimental insufflation of the peritoneal 
cavity of dogs (86) and rabbits (213) and the human stomach 
(233) with various gases indicated that absorption also takes 
place freely from these sites. If the absorption rate from 
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the rumen follows Exner's lavj,^ as it does in the case of 
absorption from the peritoneal cavity, 8I.6 liters of carbon 
dioxide and 5.5 liters of nitrogen gas are absorbed every 
24 hours from the rumen of an average size cow (213), 
Increased intra-rutninal positive pressure §iould logically 
decrease absorption across the rumen mucosa by constricting 
the lymph and blood channels. In support of this theory, 
Dougherty reported that carotid oxygen decreased slowly and 
jugular and cerebrospinal fluid pressure rose sharply during 
insufflation of the sheep rumen with various gases (59). He 
also noted that carotid carbon dioxide increased sharply and 
then decreased abruptly when intraruminal pressures were 
lowered by eructation. 
Schoen (190) indicated that a decreased wall tonus could 
be a very important factor in preventing free gas escape 
via absorption. 
Saliva, by absorbing carbon dioxide, has been suggested 
as another avenue of escape for ruminal gas (133). However, 
according to McAnally (l49) the reverse is true because 
saliva transports daily an equivalent of 120 liters of carbon 
dioxide to the rumen. 
I alpha where t is absorption time, I is air 
= K ———— , density, K is a constant, alpha is 
t Udelta absorption coefficient for a gas in 
water, and delta is relative density 
of gas compared to air. 
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The Role of Microorganisms 
Rumen gases, which are responsible for bloat, occur as 
the result of cellulose fermentation through the activities 
of rumen microflora (157,209,231), with carbon dioxide and 
hydrogen being primary products. These combine to form 
methane and water; however, much of the carbon dioxide remains 
unchanged. The microflora of the rumen are multitudinous 
in number and type. Of 102 cultures taken from cattle rumen 
fluid, 51 different kinds of bacteria were isolated (27). 
The characteristics and properties of these bacteria Indicated 
that the majority are anaerobic and produce acid. However, 
some produce liquefaction and some produce gas. Morphologi­
cal types included cocci, rods, oval shaped organisms and 
spirochetes. Most types of bacteria found in calves differ 
from those found in adult cattle (IO5), although as early as 
two months of age a transition toward adult types occurs. 
In contrast to types found in the calf the types found in 
adults grow slower, form volatile acids and produce relatively 
less gas. Six strains of ramen cellulolytic bacteria have 
been isolated (107). 
The composition of gases in the normal functioning 
rumen has been determined in several experiments. Carbon 
dioxide and hydrogen are primary products according to 
Woodman (23I), and they combine to form methane and water. 
However, much of the carbon dioxide remains unchanged. 
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Chaigneau (29), analyzing the gaseous content of rumens of 
sheep on an alfalfa hay-apple residue diet, determined 
carbon dioxide, methane and nitrogen to be the chief gases 
quantitatively present after fifteen hours of fast. These 
three gases accounted for 88.9^ of the total gas present. 
Perhaps fasting influenced gas composition, Olson (I66) 
has published one of the most complete analyses of rurainal 
gases. The relative percentages of all gases found in the 
rumen of cattle on various diets were shown, and comparisons 
were made between types of forage and between bloated and 
non-bloated individuals on the same ration. Animals eating 
corn or grass forages had more ruminal nitrogen and less 
carbon dioxide than animals eating legume or sorghum forages. 
Significant quantities of methane were found only in cases 
of bloat on legume forages. In these cases the hydrogen 
content decreased as the methane content increased. Gases 
present in the rumen were listed' as follows by Olson: carbon 
dioxide, nitrogen, oxygen, hydrogen, carbon monoxide, methane, 
ethane and illuminants. Ruminal carbon monoxide was found 
on all rations but in greatest quantities in the case of 
grasses. Nichols (159) studied gas production both ^  vitro 
and ^  vivo from a variety of feedstuffs. He made the 
following interesting comments concerning the ^  vitro phase; 
no methane was produced; sugars did not increase carbon 
dioxide production in fermenting hay; the forages (both 
legumes and grasses) and high protein feeds produced more 
12 
hydrogen, and the hays and corn produced more carbon dioxide; 
green alfalfa and native grass produced less hydrogen but a 
similar quantity of carbon dioxide when wilted as compared 
to fresh; a high protein supplement produced the most gas, 
corn next most and hay least; and all feedstuffs used produced 
similar gases but in different quantities. The most marked 
difference between the ^  vitro and ^  vivo phases was the 
high methane-low hydrogen ration in vivo. Other investigators 
have indicated that high protein feeds produce a greater 
percentage of carbon dioxide (124) and hydrogen (159) than 
occur with low protein feeds. Dougherty (5^) found hydrogen 
sulfide and carbon monoxide in the rumen of normal cows. 
Both gases paralyzed the rumen wall when insufflated rapidly. 
The mode of action apparently was local rather than of central 
nervous system origin inasmuch as vagal stimulation caused 
extreme motility in a rumen so paralyzed. 
Several rumen microorganisms have been designated as 
prolific gas formers. A false yeast, Schizosaccaromyces 
ovia, present in large numbers in the rumen of South African 
sheep, produced large volumes of gas by oxidizing glucose, 
fructose and sucrose immediately subsequent to the consumption 
of lucerne (l8l). Accoi'ding to Delraer (51) the chief gas 
producing microorganisra in the rumen is Bacillus amylobacter, 
which produces carbon dioxide, hydrogen and methane. One 
species of methane producing microorganism, Methano-
bacterium oraellanskli, has been isolated and named (12,13, 
13 
14). However, other species can produce methane from ethyl 
alcohol in vitro (ll)j therefore, species other than 
Methanobacterium omelianskli may be involved in methane 
production in the rumen. The methane produced in the rumen 
actually originates from carbon dioxide (15). Any hydrogen 
donor, such as hydrogen gas, apparently can support the 
microbiological reduction of carbon dioxide to methane 
{10,76,162,205). Formic and succinic acids are the sources 
of methane gas in the rumen of the goat; acetic, propionic 
and butyric acids do not contribute (I8). Inasmuch as rumen 
microflora produce smaller amounts of formic and succinic 
acids than of acetic, propionic and butyric acids, methane 
production may be a side reaction In the rumen rather than 
an Integral part of cellulose digestion (230). However, 
substrate quantity may not be the only important factor in 
determining the quantity of methane produced. A formula® 
for estimating methane production in the rumen has been worked 
out by Bratzler (24). The correlation between carbohydrate 
digested and methane produced was high (r = 0.94) in the data 
employed to work out the formula. 
Several experiments have been conducted concerning 
rumlnal gas production to determine if any qualitative or 
B 
E = 4.012X plus 17.68, where E represents grams of methane 
produced and X represents hundreds 
of grams of carbohydrate digested. 
The formula applies to a dally carbohydrate intake of from 
900 to 5800 grams. 
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quantitative differences exist between bloated and non-
bloated animals. Jacobson ^  al. (113) have studied factors 
modifying the ^  vitro rate of fermentation of rumen ingesta 
in reference to a possible relationship to bloat. It was 
determined that changes in dilution, temperature and hydrogen-
ion concentration have little effect on fermentation rates. 
By altering the environment of the bacteria in rumen Ingesta 
in vitro no changes were observed which could be directly 
incriminated as causing or contributing to bloat. However, 
it has been shown that any influence which inactivates the 
rumen is instrumental in decreasing gas production (207). 
Hungate et al_. (109) have studied ruminal microbial activity 
in cattle grazing on Ladino clover. They reported that in 
contrast to non-bloated animals the fermentation rate in 
bloated animals was higher, the ingesta more viscous and 
recently digested feed more intimately mixed. However, no 
marked correlation was found between fermentation rate before 
feeding and the incidence of subsequent bloating, nor was a 
difference in the amount of acid, methane or carbon dioxide 
found between rumen contents from bloating and non-bloating 
animals. In the Warburg flask less gas was released from 
thick foamy ingesta taken from bloated animals than from 
ingesta taken from non-bloated individuals. Hungate and co­
workers believe that by measuring the gas release from rumen 
ingesta in a Warburg flask tendency of that animal to bloat 
can be predicted with considerable accuracy, Olson (16?) 
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indicates that the relative percentages of gases in the rumen 
of a bloated animal fail to adequately account for bloat or 
for death from bloat (but may be predisposing) since the 
same gases, including carbon tnonoxide and hydrogen sulfide^ 
are present in the ruraen of a non-bloated animal and cause 
no trouble. However, relatively high percentages of hydro­
gen sulfide and histamine have been found in rumen Ingesta 
taken from bloated animals three to twelve hours postmortem 
(56). 
Hydrogen-ion Concentration in the Rumen 
There may be a relation between hydrogen-ion concentra­
tion in the rumen and bloat. Type of diet, time of sampling 
in relation to eating and anatomical origin of the rumen 
sample all influence the hydrogen-ion concentration of rumen 
contents (200). A pasture diet increases the acidity of rumen 
contents (6,142,177)j and salivation prior to and during eat­
ing increases the alkalinity (142,200). The mean rumen pH 
of 2 Holstein cows for five days VJBS 6.27 on an alfalfa hay 
ration and 6.00 on an alfalfa hay-beet pulp ration (200), 
Rumen samples taken from the anterior portion of the rumen 
averaged pH 6.27, whereas samples from the posterior portion 
averaged pH 6.00. 
During storage ^  vitro rumen sample pH increases with 
time, as indicated in one trial (I68) wherein samples of 
rumen ingesta were secured from cattle postmortetn and stored 
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at room temperature. The pH after 5 hours storage was 6.7 
and gradually increased to 7.96 after 238 hours. The method 
of collection of rumen samples also apparently influences 
pH inasmuch as samples collected via fistula had a pH 
approximately O.3O lower than when collected orally (216). 
The buffering capacity in the rumen is effective against 
additions of acid but relatively ineffective against additions 
of alkali because the most effective buffering components are 
bicarbonate and phosphate, whereas acids generated by rumen 
fermentation are weak (217). The greater the carbon dioxide 
volume the better the buffering capacity. Administration of 
sodium carbonate or sodium hydroxide solution with a pH of 
7.5 either into the rumen or intravenously resulted in ruminal 
paresis, although a corresponding treatment with acid failed 
to quickly remedy the pathological condition (3^). 
The Pathogenesis of Bloat 
It has been suggested that ruminal gases may predispose 
cattle to bloat by Inhibiting normal rumen function or by 
increasing intra-rurainal pressure (I67), Dougherty (53) found 
that Insufflation of the rumen to a pressure of 60 ram of 
mercury with carbon dioxide, methane^ carbon monoxide or hydro­
gen resulted in rumenatony, dyspnea and shallow breathing, 
whereas insufflation with air caused no distress. Distress 
was greatest with carbon dioxide and carbon monoxide and least 
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with hydrogen. In later trials Dougherty? (59) extended intra-
rumlnal pressures to 100 mm of mercury using oxygen, with no 
harmful effect. Conversely, intra-ruminal pressures of 60 mm 
of mercury using carbon dioxide sharply increased blood 
pressure and resulted in animal collapse. 
Quin observed that abdominal distention caused coraplete 
immobilization of the diaphragm, asphyxia and obstruction of 
the posterior vena cava; however, no esophageal constriction 
occurred (l82). 
Etiological Theories 
Jacobson ^  al, (70,113) suggested that bloat may result 
from the piling up of rumen contents in such a manner that 
the cardiac opening is blocked, thus preventing eructation. 
Excursion of the cardia has been noted when the rumen and 
reticulum are overloaded (199). Some investigators report 
that heavy grazing, particularly during wet seasons when 
forage is succulent and growth is lush, results in many cases 
of bloat (73*177). However, bloat has occurred in Canada 
during drought conditions irrespective of the amount of 
moisture on the alfalfa forage (152). Furthermore, bloating 
cannot be easily produced by simple mechanical overfilling 
of the rumen, nor can the cardia be easily covered with fluid 
(64). 
It has been suggested that certain bloat-provoking feed-
stuffs promote excessive gas production during the fermentation 
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process ^  vivo (40), and that gas production in these 
instances exceeds gas elimination (1^5). However, it has 
been observed that under normal physiological conditions 
the ruminant eructates gas faster than it is formed (59, 
113). Moreover, more types of gas producing microorganisms 
are found in calves than in mature ruminants (105), yet 
calf bloat is not a major problem. It has been suggested 
that a defect in the circulation of raucous membranes (one 
rumen gas escape avenue) could contribute to tympanites 
(116,117,190). 
Both chemical variations within the plant and meteoro­
logical conditions have been blamed for variability in 
bloat incidence (153)• Henrici stated that drought and 
frost are important in producing high plant sugar values 
(93^9^) in the aerial parts of the plant, and that distur­
bances in plant carbohydrates generally occur under unfavor­
able meteorological conditions wherein wilting occurs. 
Healy (92) reported that legume blossoms are normally high 
in sugar content. The high sulfur content of legumes as 
compared to non-legumes has been blamed for forage bloat 
(171), perhaps by increasing rumen hydrogen sulfide. The 
sulfur content of legume leaves is over twice that found in 
stems. Moreover, it has been observed that a wide variation 
occurs in legume sulfur content, depending upon the sulfur 
content of the soil (4)., Zinc deficiency in the soil has 
likewise been blamed for forage bloat (94). 
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Bloat can occur secondarily to choke. Etiological 
factors directly responsible have been reported as follows: 
hepatomegaly with resulting pressure against the diaphragm 
and esophagus (83); esophageal groove lip tumor (194); 
traumatic reticulitis with resulting ruminal stasis (208); 
and enlarged mediastinal lymph glands (4i|-,212). 
The physical deficiency theory, mentioned by several 
investigators (34>43»53j131)i is based on the theory of 
scabrous material being required to mechanically stimulate 
eructation. It is undetermined whether this stimulus is 
myogenic or neurogenic. However, certain reports in the 
literature (132,188) indicate that bloat occurs even though 
supplemental feeding of scabrous roughage is practiced. 
Perhaps any protective action observed with hay is due to 
reflex stimulation of salivary secretion, thus reducing the 
consistency of the ruminal Ingesta and obviating froth forma­
tion (225). 
Several related theories are based on the physical 
consistency of rumen ingesta at the time of bloat (l60,190). 
The effective buoyancy theory of Nichols (I60) is based on 
two assumptions: (a) that frothy liquid remains interspersed 
for a long time; and (b) that fresh legumes, sinking further 
in the paunch than do grass and hay, provide less opportunity 
for escape of gases formed during fermentation. Jacobson and 
Lindahl (112) proposed that froth present in feed-lot type 
bloat blocks the cardia thus preventing eructation. 
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Investigation has shown that bloat-provoking green legumes, 
such as red clover, produce more foam ^  vitro than do hay 
or grasses (221). This frothing of rurainal ingesta could be 
a significant contributing factor in green forage type bloat 
(225), 
The high saponin content of legumes is considered by 
many to be the chief etiological factor in green forage 
type bloat. Alfalfa saponins were isolated many years ago 
by Jacobson (113) and have more recently been used in animal 
trials by Lindahl et al. (129) to artificially produce bloat. 
Separation of alfalfa saponins into pure compounds was 
attempted by Bevenue without success (21)» However, by 
chromatographic techniques he Isolated an oligosaccharide 
type. Walter et al. (223) separated two saponins from 
alfalfa. They differed in optical rotation and in both 
sugar and aglycone components. One sapogenin was a mono-
saturated dihydroxy dicarboxylic acid which probably belongs 
to the triterpenoids. Potter and Kummerow (179) have isolated 
at least three triterpene genins from alfalfa leaf meal and 
one soyasapogenal from soybeans. In both feeds the purified 
saponin was toxic to chicks but the genins were not. Saponins 
isolated from alfalfa at the Western Research Station of the 
United States Department of Agriculture, Agricultural Research 
Service killed fish in dilute solutions, hemolyzed red blood 
cells, inhibited rabbit intestine peristalsis, retarded chick 
growth and foamed profusely in water (214). This material 
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caused typical symptoms of bloat in ruminants. However, only 
mild to moderate bloat could be produced. Saponins were 
located mainly in the leaves and were much more prevalent 
in the bloat-provocative legumes than in birdsfoot trefoil 
or Sudan grass. There has not been universal acceptance of 
the saponin theory of bloat inasmuch as both bloating and 
non-blo.°tlng animals have been observed to consume similar 
quantities on the same legume pasture (40). 
Anaphylactic shock is considered by some investigators 
to be a cause of bloat. Bloat has been produced both from 
histamines and from a Trichomonas foetus suspension intro­
duced into the uterus (196). The successful use of 
sympathomimetic agents in relieving such cases of bloat lends 
credence to the theory. 
Inherited differences have been observed in ability of 
cattle to properly digest feed, and therefore heredity could 
Influence bloat incidence and severity (114,127,226). In 
addition, dwarfism and other anatomical abnormalities may 
predispose bloat. 
Many toxic principles have been incriminated in bloat 
etiology, A flavone which strongly inhibits smooth muscle 
contraction has been isolated from lucerne (75)i and a 
similar inhibitory factor has been demonstrated in clover 
Juice (74). Olson (I69) found that alfalfa, under certain 
growth stages, is very high in hydrogen sulfide (a highly 
toxic gas). However, Kleiber found no relation between bloat 
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and hydrogen sulfide concentration in the ruraen (124). 
Parsons et al, reported that legurae extracts markedly in­
hibited rabbit intestine while extracts from grasses only 
mildly inhibited intestinal activity (173). The active sub­
stance in the legume extract was not altered by freezing, cold 
storage at -10°C for 4 weeks or boiling for 5 minutes. Rumen 
contents from cows which died of bloat inhibited isolated 
rabbit intestine whereas rumen contents from non-bloating 
individuals did not (174). Both histamine and urea have 
been found to be toxic to rumen musculature. Intra-rurainal 
administration of urea caused rumen atony and acute intoxica­
tion (35)> and intravenous administration of histamine result­
ed in rumen stasis for as long as thirty minutes (31). Topi­
cal application of histamines via a ruraen fistula also 
depressed ruraen motility (39)• Dougherty (56) found relatively 
large quantities of both hydrogen sulfide and histamine in 
ingesta obtained 3 to 12 hours postmorten from steers which 
died of green alfalfa bloat. 
Hydrocyanic acid has repeatedly been incriminated in 
paralysis of smooth muscle and in acute death of animals (33; 
36;45;62;7l582;96;119;128,p. 9751^-1 J172; 194;219). Under 
ths normal digestive tract environment in cattle cyanogenesis 
is inhibited, although cyanogenetic feedstuffs are poisonous 
when fed with acid producing diets (8). White clover is classi­
fied into four types cyanogenetically, and only one type is 
capable of releasing hydrocyanic acid (28). It has been 
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established that the toxic principle of hydrocyanic acid 
cannot be directly incriminated in bloat (36,62,72). Never­
theless, bloat could possibly occur secondarily to hydro­
cyanic acid toxicity (102). 
Prophylaxis and Therapeutics 
Traditionally management and feeding procedures have 
been relied upon to reduce the hazard of bloat occurrence. 
Feeding of dry feedstuffs prior to or concurrent with pasture 
grazing and/or employment of mixed legume-grass forages have 
been recommended (^•2,90,91,99,104,137,163,227). "Winter 
spelling" has been recommended as a suitable prophylactic 
measure in England (135). 
Lime, soda and mineral mixtures in the feed or water 
have been recommended by some investigators (2,85,95,218) and 
criticized by others (227). Some other palliative measures 
suggested in literature include administration of hydrogen 
peroxide, which is toxic to anaerobes (51); administration 
of kerosene or turpentine (3^30,32,85,186); administration 
of cream (87)j fitting of a tar soaked halter to induce 
eructation (2,16,30,85); administration of magnesium sulfate 
with an antiferment (170); or administration of spirits of 
ammonia (2,9,165). 
^Alternately off and on pasture; allowing grazing when forage 
exceeds 8 inches in height, but removing animals when forage 
has been grazed down to 3 inches. 
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Antifrothing agents have been mentioned repeatedly in 
recent literature (32,63,8l,l40,l80). Brunner (26) has 
demonstrated the effectiveness of some antifoaming agents 
in defoatning skimmilk: or whey. Of these agents he tried, 
the most effective were rancid cream, silicone, stearic acid 
esters and sorbitan monolaurate. Of these four types of 
agents the silicones were most effective at a low dilution. 
Butyric acid and quaternary ammonia were less effective, 
fresh cream was only slightly effective and alkyl aryl 
sulfonate was nearly worthless. Dougherty and Meredith (63} 
have demonstrated the effectiveness of some commercially 
available defrothing agents. Tvjo types, (a) silicones and 
(b) oils were compared. The silicones were slightly more 
effective in dispersing foam. However, the oils (turpentine 
and Turcapsol) were more effective in preventing reconstitu-
tion of foam at either therapeutic dosage levels or double 
this amount. Johns (115) cited the successful use of a peanut 
oil emulsion in water, which was sprayed on pasture forage, 
as a palliative measure. 
Antihistamines have been employed to re-establish rumen 
motility and relieve mild bloat (143). Tympany produced by 
intra-uterine introduction of a suspension of Trichomonas 
fetus into sensitized cows has been relieved by the sub­
cutaneous injection of Adrenalin (122), Narayanan (I56) has 
also successfully relieved bloat with Adrenalin administered 
subcutaneously. 
25 
Surgical techniques frequently must be employed if death 
is impending. Ferguson (72) has recommended leaving a 
trocar in place for 36 hours to allow adhesions to develop 
between the rumen and abdominal wall, thus decreasing the 
likelihood of peritonitis. Both standing and recumbent 
ruraenotomy with lavage have been performed (38,192,193). 
Other methods used for preventing or treating bloat in­
clude the use of dried rumen flora (88) and the use of a 
proprietary medicament designed primarily for metabolic 
disorders such as milk fever (187). The author attributed 
the action of this compound in relieving bloat to the correc­




Bloat research presented herein consists of 12 prelim­
inary experiments and 3 major experiments. Each preliminary 
experiment has been designated as a phase. These phases 
were designed to determine correct basic procedures to employ 
in conducting the main experiments and to gain technical 
experience and proficiency. 
Each major experiment was conducted on a different type 
of bloat. Experiment 1, Green Forage Type Bloat, was con­
ducted in two phases: Pasture bloat and Forage extracts. 
Experiment 2, Peed-lot Type Bloat, was conducted in two 
phases: Intact animals and Pistulated animals. Experiment 3* 
Chronic Type Bloat, consisted of numerous independent minor 
experiments on susceptible animals. 
Tables 1 and 11 contain vital statistics and history of 
animals employed in this research. Table 11 includes cattle 
specifically employed in pasture grazing, and Table 1 includes 
all other animals employed. 
Equipment and Methods 
Figure 1 illustrates equipment used to obtain rumen fluid 
samples and to administer fluids orally. V/ide mouthed Thermos 
bottles were used as rumen fluid sample containers. The 
stomach tube employed consisted of an 8 foot length of 
Table 1 





Age when first 




2378 Holsteln F 11 Preliminary experiments 
317^ Holstein F 6 Preliminary experiments 
3550 Holsteln F 3 Preliminary experiments 
3821 Ayrshire M 1 Plstulated 
3824 B. Swiss F 1 Forage extract trials 
3840 B. Swiss P 1 Forage extract trials 
3893 Holstein M 10 Flstulated 
3903 Holsteln M 10 Fistulated 
3925 Holstein M 10 Peed lot bloating trials 
Forage extract trials 
yes 
3938 Holsteln M 9 Feed lot bloating trials 
Forage extract trials 
yes 
3940 Holstein M 8 Peed lot bloating trials 
Forage extract trials 
yes 
3962 Holsteln M 
1 
7 Feed lot bloating trials 





















Table 1 (Continued) 
Breed Sex 















































Feed lot bloating trials 
Peed lot bloating trials 
Feed lot bloating trials 
Forage extract trials 
Feed lot bloating trials 
Feed lot bloating trials 
Forage extract trials 
Feed lot bloating trials 
Forage extract trials 
Forage extract trials 
Chronic type bloat 
Forage extract trials 
Forage extract trials 
Peed lot bloating trials 
Forage extract trials 
Peed lot bloating trials 
Forage extract trials 




Age when first 
Breed Sex employed 
years months 






























8 Peed lot bloating trials 
Forage extract trials yes 
8 Feed lot bloating trials 
8 Peed lot bloating trials 
Forage extract trials yes 
6 Peed lot bloating trials 
5 Feed lot bloating trials 
9 Forage extract trials yes 
7 Forage extract trials 
6 Forage extract trials 
5 Forage extract trials yes 
8 Chronic type bloat 
10 Chronic type bloat 
a Dwa r f. 
Table 1 (Continued) 
College Age when first Died due 
dairy herd Breed Sex employed Principle uses to use 
number years months 
Goats 
Six goats were used for preliminary forage extract trials. All of them died on 
experitnent. 
FIGURE 1 
Equipment Used for Collecting Rumen Fluid Samples Orally and 
for Administering Forage Extracts. 
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transparent plastic garden hose with a 5/8 inch lumen. The 
insertable end was rounded and sanded to make it innocuous. 
Several punctures extending entirely through the hose 
transversely, approximately \/\ inch diameter in size, were 
spaced approximately 3 inches apart extending about l8 
inches beginning at the Insertable end. These holes facili­
tated entrance of rumen fluid into the tube lumen if the 
end became blocked with coarse ingesta during collection. 
In addition such a stomach tube was more proficient as an 
emergency tool in orally relieving bloat. Larger, more 
numerous holes or extension of holes beyond 18 inches from 
the insertable end worked less efficiently inasmuch as such 
exaggerations weakened the hose and hastened blocking of 
the tube with ingesta. Either an Etnont speculum or a wooden 
speculum was used. Experience has confirmed that the Emont 
(or some comparable type) speculum is more suitable for 
experimental purposes wherein a salivary contamination of 
the sample is undesirable. Such contamination hazard was 
reduced by the use of an extended speculum as less stimula­
tion of salivation occurred and the end of the stomach tube 
was guarded from buccal secretions during insertion. An 
added advantage was the extended period of usefulness of a 
stomach tube by avoiding tooth punctures. 
In addition to visual inspection of rumen fluid samples 
the laboratory analyses In this research consisted of surface 
tension, pH, viscosity, specific gravity, liquid-solid ratio. 
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fermentation rate (as determined by ingesta volume increase) 
and foam 1/2 life. Preparation of samples for analyses 
Included refinement by straining through ^ thicknesses of 
cheese cloth to remove the larger particles. All samples 
were processed at room temperature and analyzed as soon after 
collection as possible, which in most instances was 1 to 2 
hours. For justification of this procedure refer to Phase 1 
of Preliminary Experiments, 
Visual inspection included such characteristics as 
color, odor, foaminess, particle suspension time and 
stratification. 
Surface tension was determined using a direct reading 
DuNuoy tensiometer, model number 705^5,which measures both 
surface tension and interfacial tension. The instrument was 
calibrated according to the manufacturer's directions, so 
that the dial would indicate directly in dynes per centimeter. 
Fifty ml. glass beakers were used as sample containers, and 
an arbitrary standard of approximately 40 ml. was employed 
as sample size. In the major experiments all surface tension 
readings were taken when samples were at room temperature. 
For justification of this refer to Phase 1 of Preliminary 
Experiments. In nearly all cases 6 consecutive tensiometer 
readings were taken on each sample, and the average of the 
last 5 was recorded as the official surface tension for that 
sample. The first reading was discarded inasmuch as it was 
usually the least consistent when compared to the average. 
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The lesser consistency of the first reading may have been due 
to the tensiometer loop being more evenly coated at sub­
sequent readings. 
Hydrogen-ion concentration was measured using a Beckman 
pH meter, model H2. The readings usually were taken just 
prior to measuring the surface tension. 
Viscosity was measured by comparing the rapidity with 
which 15 ml. of sample and 15 ml. of distilled water flowed 
from a 25 ml. serological pipette stationed vertically^ 
the pipette being previously flushed with water to moisten 
the lumen. The water to sample time ratio, with water 
arbitrarily assigned a value of 1, indicated the relative 
sample viscosity. The pipette was cleaned between samples 
by flushing with the next sample to be read. This method 
would not accurately measure small differences. Nevertheless, 
it was suitable for indicating relative sample viscosity 
values. 
Specific gravity was measured by comparing the weight 
of 25 ml. samples to be examined with 25 ml. of distilled 
water in a graduate cylinder of known weight. The cylinder 
was cleaned between samples by wiping the inside with a cloth. 
Liquid to solid ratio was measured in 100 ml. graduate 
cylinders containing 50 ral. of sample, after gravity separa­
tion under refrigeration was apparently complete. It was 
considered that this stage had been reached when no additional 
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separation occurred in 48 more hours. The ratio was speci­
fied as solids volume in relation to liquid volume which 
had been arbitrarily assigned a value of 1. 
Fermentation rate was estimated by measuring the ingesta 
volume increase occurring in a 50 ml. graduate cylinder 
containing 20 ral. of sample which had been incubated at 
ST'C until peak volume occurred. 
Foam half-life was determined by measuring the time 
required for dlspersement of 1/2 the foam in an artifically 
produced foam column. The foam was produced by agitation 
of 30 ml. of sample for 2 minutes in a Waring Blendor. 
To facilitate foam volume evaluation the sample, after 
agitation, was immediately transferred from Waring Blendor 
to a 100 ml. graduate cylinder after which the upper, lower 
and mid points of the foam column were designated by 
marking pencil. Constant observation was necessary until 
dispersement of foam to the mid point had occurred. Data 
recorded included height, in cubic centimeters, of the foam 
column and dispersement time, in minutes. 
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Material added to a forage ex­
tract prior to administration 
k five day period immediately 
subsequent to a treatment 
period 
Based on the following arbi­
trary values; 0 clear, 
1 partly cloudy, 2 cloudy 
A proprietary antibiotic 
Unharvested forage in full 
bloom 
One day's yield of forage 
extract; numbered chronologi­
cally 
Based on the following arbit­
rary values; 0 no bloat, 
1 slight bloat, 2 mild bloat, 
3 moderate bloat, 4 severe 
bloat, 5 extreme bloat 
bloat severity, sample Refers to bloat severity at 











































Based on the following arbit­
rary values: 0 thin, 1 normal, 
2 thick 
Air circulation, based on the 
following arbitrary values: 
0 calm, 1 breeze, 2 windy 
Grazing steadily 
Partially dehydrated alfalfa 
Juice 
Alfalfa juice which has been 
spray dried 
A sodium allcyl aryl sulfonate 
type 
A quality index based on the 
following arbitrary values: 
1 good, 2 fair, 3 poor 
Calculated as average degree 
of foaminess for a group of 
samples, based on the follow­
ing arbitrary values: 0 no 
foam, 1 slightly foamy, 



























Represents a ration consisting 
of concentrates, roughage and 
water, fed to animals used 
specifically for forage extract 
bloating trials 
Refers to a particular geo­
graphical location of green 
forage from which an extract 
v/as obtained 
A forage or forage extract 
fraction, assigned as follows: 
1 the forage extract was 
expelled 
2 filtrate from the whole 
extract 
3 concentrated serum 
4 spray dried Juice 
5 dried Juice curd 
6 meal reconstituted with 
water 
7 dry meal 
8 soiled green plant 
9 expeller pulp 
10 chopper green plant 
Growth stage of forage 
A proprietary defoaming agent 
Frequency of bloating, expressed 
in percentage 
Grazing intensity, based on 
the following arbitrary values; 
0 no grazing, 1 sporadic graz­
ing, 2 steady grazing 
A measure of ^  vitro fermenta­
tion 
A proprietary detergent of the 













































Time between administration 
of birdsfoot trefoil extract 
and physical collapse of the 
recipient 
Very mature unharvested forage 
A level of detergent adminis­
tered daily 
A measure of persistency of 
a foam column, expressed as 
time required for one-half of 
the foam to disperse 
A ratio of solids volume to 
each cc of liquid 
Concurrent growth stages in 
the same field; typical of 
birdsfoot trefoil 
A mean of the relative humidity 
at 7 AM, noon and 7 PM 
A mean of the daily high and 
low temperatures 
A time interval 




PKd post knockdown 
PM afternoon 
Post after treatment 
Pre before treatment 
Prod product 
Rev reversed 
RH ration history 
R1 Hume11a 





Sgr specific gravity 
Spor sporadic 
ST surface tension 
TFI top foam index 
Explanation 
Time between physical collapse 
from cyanide poisoning and 
administration of an antidote 
Rumen fluid collected subsequent 
to administration of a forage 
or forage extract 
Rumen fluid collected prior 
to administration of a forage 
or forage extract 
Reversing the control and treat­
ment groups of animals 
The ration received by an 
animal immediately prior to 
administration of a forage or 
forage extract 
A proprietary methyl silicone 
type of defoaming agent 
A proprietary fatty acid type 
defoaming agent 
Crude saponin content of a 
plant extract 
Not grazing steadily 
In dynes per centimeter 
Calculated same as foam Index. 
Refers to a type of foam 
which remains suspended on top 
























A proprietary antidote for 
cyanide poisoning 
Preliminary Experiments 
Phase 1. Pre-analytlcal preparation of rumen fluid samples 
Procedure. Rumen ingesta vjere collected from a milking 
cow using a stomach pump and tube. In the laboratory it was 
strained through cheese cloth to separate liquid and solid. 
Straining was done through either 4, l6 or 32 layers of cheese 
cloth. An aliquot of that strained through 32 layers was 
then centrifuged for 5 minutes at a speed of approximately 
1600 r.p.ra. in an International Centrifuge, No. 2 with a 16 
place head. Aliquots of each of the 4 stages of refinement 
were adjusted to 17, 27, 33* 37 and 47°C immediately prior to 
surface tension determination. Six consecutive tensiometer 
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readings were taken for each aliquot at each temperature. 
Each reading is shown in Table 2, 
Results. Inspection of the ranges shown in Table 2 
indicate that the most consistent readings were obtained using 
samples strained with k layers and read at 37°C. Howeverj 
readings nearly as consistent were obtained at 4 layers and 
27°C, In general, neither extensive refinement nor change 
from room temperature (approximately 27°C) improved consis­
tency of readings within allquots. 
Discussion. It seemed desirable to adopt the 4 layer 
27°C standards for reading surface tension of all rumen samples 
inasmuch as the consistency among readings was high. Other 
reasons for adopting these standards were (a) ease of main­
taining uniform room temperature and (b) maintenance of 
samples more nearly like rumen fluid as withdrawn. It is 
logical that the greater the sample alteration the less valid 
the conclusions may become. As a matter of fact, the liquid 
portion following centrifugation can no longer be properly 
termed rumen fluid. Undoubtedly the more ideal arrangement 
would be nialntenance of samples as pure ingesta at body 
temperature with no straining. However, such samples would 
not allow accurate readings with the DuNuoy tensiometer 
inasmuch as bulky solid particles interfere with the freedom 
of tensiometer loop movement. 
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Table 2 
Effect of Rumen Fluid Sample® Temperature and Refinement on 
Repeatability of Tensiometer Readings 
Samp Cheese cloth straining pad 
temp ^ K 32 Centrifugation 
°C layers layers layers 
dynes per centimeter 
57.4 59.2 56.8 60.8 
56.9 58*5 56.8 60.2 
56.3 58.2 56.4 59.6 
56.0 57*7 56.8 59.3 
55.4 57.5 56.8 58.9 
55.0 58.0 57.7 58.7 
Av 56.2 58.2 56.9 59.6 
Range 2.4 1.7 1.3 2.1 
53.2 55.0 58.7 57.9 
53.1 54.9 58.3 57.2 
53.2 55.4 58.1 56.8 
53.6 55.8 57.8 56.6 
53.6 55.8 57.8 56.4 
53.8 55.7 57.8 56.3 
Av 53.4 54.3 58.1 56.9 
Range 0.7 0.9 1.0 1.6 
53.0 57.9 57.1 53.5 
53.4 57.8 57.1 53.5 
53.1 57.8 57.2 53.9 
53.0 57.3 57.8 55.3 
53.8 57.1 57.7 55.3 
53.4 56.6 57.3 55.3 
Av 53.3 57.4 57.4 54.5 
Range 0.8 1.3 0.7 1.8 
52.8 54.9 58.0 52.5 
52.4 55.0 58.0 52,4 
52.2 54.7 57.9 52.7 
52.8 55.1 58.6 53.9 
52,8 55.1 58.2 54.1 
52.8 55.5 58.0 53.9 
Av 52.6 55.1 58.1 53.3 
Range 0.6 0,8 0.7 1.7 
^Sample was obtained from No. 3482 (a milking cow). 
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Table 2 (Continued) 
Samp Cheese cloth straining pad 
temp 4 l6 32 Centrifugation 
"C layers layers layers 
dynes per centimeter 
47 51.9 51.3 52.8 51.4 
51.5 51.5 52.5 51.9 
51.8 52.1 53.1 52»4 
52,5 53.5 5^.2 53.5 
52.9 53.^ 54,1 53.5 
52.8 53.5 54.0 53.5 
Av 52.2 52.6 53.5 52.7 
Range 1.4 2.2 1.6 2.1 
kS 
Phase 2. Effect of method of sample collection on rumen fluid 
surface tension and pH ~ — . 
Procedure. Rumen Ingesta samples \vere collected either 
directly (via fistula) or orally from 3 steers with fistulae 
located In the left paralumbar fossa. The oral samples were 
collected with stomach pump and tube and were primarily liq­
uid, whereas the direct samples were taken from a region 
slightly ventral and medial to the fistula. The latter 
samples were taken from the serai-solid stratum of rumen 
ingesta. Inasmuch as the environment near the fistula is 
more aerobic and therefore atypical, ingesta from near the 
fistula were not used. With each collection route an effort 
was made to collect subsequent samples from the same general 
area. Surface tension and pK values were obtained for 
samples drawn via both routes and are shown in Table 3. Each 
surface tension value shown is an average of 15 consecutive 
tensiometer readings (3 samples, 5 readings per sample). 
Results. Comparisons between the 2 collection routes 
were made for both surface tension and pH, and differences 
were analyzed statistically. The data indicate a difference 
between collection routes in regard to pH values but little 
difference in regard to surface tension. The pH values of 
samples collected orally were considerably higher than those 
collected via fistulae. 
Discussion. According to these data the route effect oi 
pH is impressively large as indicated by a calculated F value 
Table 3 
Surface Tension and pH of Rumen Fluid*^ Collected Orally versus Collection via 
Fistula 
Samp ST pll 
Oral Fistula Oral Fistula 
1 55.1 53.9 7.35 6.15 
2 48.9 50.6 6.95 5.95 
53,6 56.6 6.75 5.65 
4 49.6 54.4 3«T-O 6.45 
5 55.2 51.1 6.55 6.15 
6 52,5 53.7 7.45 5.75 
7 57.9 55.1 6.35 6.35 
8 59.4 58.8 7.15 6.60 
9 58.4 55.9 7.20 6.75 
10 54.6 57.4 7.85 6.90 
11 54.7 57.0 7.30 6.80 
12 54.4 56.7 7,85 6.55 
13 57.1 49.4 7.15 5-55 
Av 55.1 54.7 7-25 6.28 
Analyses 




Source var df SS MS F SS MS p 
Oral vs fist ula 1 1.29 1.29 0.22 1 6,2 6.2 37.12** 
Samples 12 158.4 13.2 2.28 12 4.2 0.35 2.10 
Error 12 69.6 5.8 12 2.0 0.167 
Total 25 229.29 IS. 4 
P.0i=9.33 
®Collected from animals 3821, 3893 and 3903. 
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considerably above that which is significant at P ^qi^ where­
as the route effect on surface tension apparently is neg­
ligible. This result is logical inasmuch as saliva contamina­
tion risk is much greater when rumen samples are collected 
orally. Of course, saliva would have a considerably more 
marked effect on pH than on surface tension inasmuch as 
surface tension of pure saliva is not greatly different from 
that of rumen fluid withdrawn from an animal consutnlng 
primarily roughage (see Phase 5 of Preliminary Experiments), 
whereas the pH of saliva is usually considerably higher than 
that of rumen fluid. 
It is interesting to note that the sample variation is 
statistically insignificant both in the case of pH and surface 
tension. This could be interpreted as indicating that 
between-sample consistency is high even though saliva or some 
other effect may mask the true values. 
Phase 3. Effect of time and sample temperature on rumen fluid 
surface tension 
Procedure. Several rumen fluid samples per animal were 
collected orally from animals on 5 different rations which 
consisted of 2 concentrate type (XBld-50 and XB2c-50), 1 
roughage type (4-P) and 2 intermediate type rations (XBl-2c-53 
and the milking herd ration). Collections were repeated for 
several days. Each sample was divided into 2 aliquots, one 
being allowed to cool to room temperature and the other 
maintained at body temperature. The temperature of the latter 
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had little opportunity to fall much below body temperature 
inasmuch as aliquots were in the incubator within 1 to 2 
minutes after collection. This short delay was required in 
order to transport samples from cow to laboratory and strain 
through 4 layers of cheese cloth. 
Surface tension of both incubated and room aliquots was 
determined periodically, and at the termination of this trial 
the room aliquots were re-heated to Sl'C and surface tension 
re-determined. Aliquot averages are' shown in Figure 2. 
Subsequent representative samples were selected and each 
systematically adjusted to temperatures from 5 to ^5°C, The 
surface tension was determined at each temperature. A second 
trial was similarly conducted except the samples were adjusted 
to temperatures from l6 to 47'C. Each surface tension value 
obtained from each animal in this trial was the average result 
of 5 consecutive tensiometer readings. Trial averages are 
shown in Figure 3. 
Results. As indicated in Figure 2 surface tension rapidly 
increased with time providing the rumen fluid was allowed to 
cool to room temperature. Little increase occurred, however, 
beyond 30 minutes post-collection. Surface tension rapidly 
returned to the initial level upon re-heating to ST'C. In 
contrast the surface tension of rumen fluid held at body 
temperature remained relatively constant. The data of 
Figure 3 support those of Figure 2 in that surface tension 
linearily changed inversely with sample temperature. 
FIGURE 2 
Effect of Time and Sample Temperature on Surface Tension of 
Rumen Fluid. 
(Data shown are based on 780 tensiometer readings on 14-5 samples 
from dairy animals on 5 different rations as follows: Milking 
herd ration, animal Nos. 2378 and 3550; XBld-50, No. 3996; 
XB2C-50, No. 3992; XBl~2c-53, No. 3962; 4-F, No. 3821.) 
FIGURE 3 
Effect of Sample Temperature Changes on Surface Tension of Rumen 
Fluid. 
(Data shown are based on the same animals as the data in 
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Discussion, The slight surface tension rise with time, 
which occurred in the incubated aliquots, might be attributed 
to normal variations in operating the tensiometer, but more 
reasonably is attributable to gradual cooling of the incubated 
allquots due to repeated removal from the incubator in order 
to read surface tension. The return of surface tension to 
approximately the zero time reading^ which occurred simply 
by re-heating the room allquots to the original temperature, 
dramatically indicates that the rise of surface tension 
concurrent with time is principally due to temperature change. 
Moreover, the allquots were several hours old at the time of 
re-heating, thus providing ample opportunity for any time 
influence to be demonstrated. A further indication that 
temperature rather than time is the critical factor is seen 
in Figure 3 wherein an almost linear inverse relationship 
is shown between the 2 factors. It should be stressed that 
in this phase only short-time effect has been studied. How­
ever, of all possible time effects any occurring immediately 
after sample withdrawal from the animal would be most diffi­
cult to avoid. It is possible that time does have a small 
influence which is masked by the dramatic influence of 
temperature. For additional information on the effect of 
time refer to Phases 8, 9, 10, 11 and 12 of Preliminary 
Experiments. 
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Phase 4. Effect of sample dilution with water on rumen fluid 
surface tension ~ 
Procedure. Rumen fluid was withdrawn orally both from 
an animal having foamy ingesta and from one not having foamy 
ingesta. In each case the surface tension of the pure rumen 
fluid was determined, followed by sample dilution at various 
levels with distilled water, thence subsequent re-determina-
tion of surface tension at each dilution level. The surface 
tension of distilled water was also determined for control 
purposes. The resulting data are shown in Figure 
Results. Water dilution had little effect on rumen 
fluid surface tension at rates below 500^ dilution. As a 
matter of fact, even 20 to 1 dilution (2,000^) caused no 
major alteration. The dilution effect was similar on both 
types of rumen fluid. 
Discussion. The negligible effect on surface tension 
o-f small water dilutions is important to note. This finding 
minimizes the Importance of (a) using dry equipment in 
collecting, processing and analyzing rumen fluid for surface 
tension studies and (b) fluctuations in amount of water con­
sumed by the animal in relation to time of sample collection. 
Whether the dilution effect of relatively small quantities 
of water is also unimportant in relation to other rumen fluid 
properties was not determined in this trial. 
FIGURE 4 
Effect on Surface Tension of Diluting Rumen Fluid with Water. 
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Phase 5. Effect of saliva on surface tension of rumen fluid 
and a defoaming alent ~ 
Procedure. Allquots of saliva obtained from a lactating 
cow were added to ruraen fluid and to a defoaming agentj 
respectively. A suitable dilution ratio was determined by 
preliminary trials. Surface tension both before and after 
adding 1 part saliva per 12 parts rumen fluid was determined. 
Likewise surface tension both before and after adding 19 
parts saliva per 1 part defoaming agent was determined. The 
defoaming agent used was Rumene.® The data shown in Figure 5 
are average values for 5 consecutive readings per sample. 
The rumen fluid data represent average values for 2 different 
animals. 
Results. The surface tension of a mixture of 1 part 
saliva per 12 parts rumen fluid was more nearly like the 
surface tension of saliva than of rumen fluid, and the sur­
face tension of a mixture of 19 parts saliva and 1 part 
defoaming agent was less nearly like the surface tension 
of saliva than of defoaming agent. 
Discussion. Some differences exist in the effect of 
saliva on the 2 fluids tested. When added to ruraen fluid 
only a relatively small amount of saliva was required to 
influence rumen fluid surface tension, even though the 
A proprietary defoaming agent containing pelargonic acid; 
propylene glycol, lauric acid ester and Isopropyl alcohol. 
FIGURE 5 
Effect of Saliva on Surface Tension of Rumen Fluid and a De-
foaraing Agent. 
(Saliva was obtained from dairy animal No. 317^ and rumen fluid 
from Nos. 3550 ai^d 3992.) 
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LEGEND: 
1:19 RUMENE;SALIVA RATIO, BY VOLUME 
1:12 SALIVA: RUMEN FLUID RATIO, BY VOLUME 
60 
Pute 1:19 Puie 1:12 Pure 
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surface tension values of saliva and rumen fluid are similar 
in animals on roughage diets. Conversely, a large amount 
of saliva was required to influence the surface tension of 
Ruraene. 
In view of the dilution factor and similarity of saliva 
and rumen fluid surface tension values^ saliva contamination 
during sample collection is unlikely to markedly alter rumen 
fluid surface tension unless the animal is on a diet which 
manifests low surface tension and gross contamination occurs 
while the sample is being withdrawn through the oral cavity. 
Such contamination is unlikely if an extended type speculum 
is used and the collector Is experienced. 
Phase 6. Effect of various products on rumen fluid surface 
tension 
Procedure. Direct determination of the surface tension 
of liquid type surface active agents (Tympanol, Rumene and 
turpentine) was possible, whereas a liquid preparation of 
solid type agents (Rumella, Dreft and Ultrawet "K") had to 
be prepared In order to determine surface tension. This was 
accomplished by diluting with distilled water at the minimum 
rate needed to form a liquid of such consistency that tensiom-
eter readings would be accurate. The minimum dilution rate 
for Rumella was 7 parts water per 1 part product, whereas the 
minimum rates for Dreft and Ultrawet "K" were 3 parts and 4-
parts water, respectively, per 1 part product. The resulting 
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surface tension values for the surface active agents are 
specified in Table 4, line 1 of each trial. The surface 
tension of each product diluted 10, 100, 1000 and 10,000 
tirnes was also determined by diluting with distilled water. 
In the case of Tympanol, Rumene and Ultrawet "K" the 1:1000 
dilution failed to appreciably alter surface tension values 
from those of the pure products; whereas, with Rumella, 
Dreft and turpentine moderate Increases occurred. Dilutions 
of 1:10 and 1;100 failed to appreciably alter surface ten­
sion and the 1:10,000 dilution markedly influenced surface 
tension in all cases. These results are not shown in the 
thesis Inasmuch as the only object was to determine proper 
dosage rates to employ in later trials (explained In follow­
ing paragraphs). 
In vitro trials were made by adding the surface active 
agents to allquots of rumen fluid and noting surface tension 
changes. Inspection of previously obtained data (above 
paragraph) indicated that the 1;1000 dilution rate, with 
water, more uniformly affected surface tension. Therefore, 
all agents were added at the rate of 1 part agent per 1000 
parts rumen fluid (measured by volume). The surface tension 
values prior to addition, as compared to subsequent values, 
are listed in Table 'I, lines 2 and 3 under both trials.. Each 
value In line 3 is an average of 12 tensloraeter readings on 
3 animals representing 3 types of rations as specified below. 
Table 4 
Effect of Various Products on Rumen Fluid Surface Tension 
Cattle on Concentrate -roughage Rations 
Tympanol Rumene Rumella Turpentine Dref t 
Trial 1 

















Before treatment 53-9 









Trial 2 Cattle on Pure Alfalfa Pasture 
Ultravjet 
"K" 
Product; water (1:4) 26.0 
In vitro; 
Before treatment 49.8 
Product: rumen fluid (l:1000) 36.0 
In vivo; 
Control group (ll animals) 56.6 
Treated group, prophylactic level (ll animals) 48.6 
®Rume11a:water (1:7) 
'^Dreft :water (1:3) 
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In the case of trial 1 ^  vivo effect was determined on 
3 flstulated and 6 Intact animals. Three rations^ 3 animals 
per ration, were composed as follows; a concentrate type, 
a roughage type and an intermediate type. The surface ten­
sion values before treatment are shown in Table 4, line K 
of trial 1. Each value is an average of 75 tensiometer 
readings accumulated from 15 rumen samples taken from 3 
animals (5 samples per animal). Each animal represented a 
ration type. Treatment consisted of administration of the 
various surface active agents via stomach pump and tube. 
In the case of Rumella and Dreft, water was added to form a 
suspension which could be pumped, and the other agents were 
introduced undiluted. Dosage rates per 1000 pounds body 
weight were as follows: Tympanol 400 cc., Rumene 400 cc., 
Dreft 400 cc,, turpentine 240 cc., and Rumella 200 cc. In 
all cases except Dreft the rate employed was 4 times the 
recommended therapeutic level. No established therapeutic 
dosage level exists for detergents, thus the dosage employed 
was a guess. Post-treatment surface tension values, as shown 
in line 5 of trial 1, represent averages of a like number of 
readings. However, in this case 75 such readings each time 
were made at 1/2, 3, 8 and 32 hours post-treatment. The data 
shown represent readings taken at the hour when maximum sur­
face tension effect occurred. This was 1/2 hour for Tympanol, 
Rumene and Dreft, 3 hours for turpentine and 8 hours for Rumella. 
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In trial 2 ,  ^  vivo effect was determined on 22 beef 
cattle grazing in an alfalfa field. One-half of the group 
had no medication and the other half was medicated daily 
with Ultrawet "K", given at approximately 7 A.M. by capsule, 
at the rate of 30 grams per 1000 pounds body weight. The 
data shown in Table lines 4 and 5 of trial 2 represent 
average surface tension values for the 11 animals in each 
group. Each of the 2 values shown represents an average of 
55 tensiometer readings. 
Results. Surface tension of rumen fluid was reduced both 
in vitro and ^  vivo by the addition of surface active agents 
employed in the two trials. The greatest 1^ vitro effect 
was with Dreft, whereas the greatest ^  vivo effect was with 
Rumene, However, all agents were effective in reducing sur­
face tension at the dosage levels employed. 
Discussion. Much confusion exists in the literature in 
regard to the effect of surface active agents. Many investi­
gators, including some manufacturers, claim that surface 
tension of rumen fluid is Increased by such agents. Moreover, 
many advertisements claim therapeutic value based on the 
alleged surface tension increasing effect. Nevertheless, data 
shown in these 2 trials emphatically demonstrate a reduction 
in surface tension. As a matter of fact, no product of any 
type used in the bloat research reported in this thesis has 
had a surface tension value as high as water, nor has any 
surface active agent employed had a value as high as that 
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of rumen fluid. Therefore^ a surface tension increase should 
seldom, if ever, occur with the use of medicinal agents in 
the rumen. 
It is interesting to note that, although representative 
diets of all popular feeding regimes were employed in these 
trials and replication was high, the trend without exception 
was surface tension reduction subsequent to addition of the 
agents employed. With lower dosage rates (data not shown) a 
less marked decrease occurred, although the trend was con­
sistently in the same direction. 
Phase 7. Effect of sample foam removal on surface tension 
Procedure. During the course of the bloat research 
reported in this thesis the surface tension was determined 
both before and after mechanical removal of the foam from 
foamy samples. The data are shown in Table 5. Sach value 
is the average of 5 tensiometer readings. 
Results. The surface tension decrease following foam 
removal was significant (P<.Ol) in the case of rumen fluid 
drawn from animals on alfalfa pasture. In foamy rumen fluid 
drawn from animals on either a concentrate or dry roughage 
type ration, and in foamy alfalfa extract, little (if any) 
change was noted upon defoaraing. In all cases, except samples 
from animals on a dry roughage ration, the sample variation 


















Effect on Surface Tension of Retnoving Poarn from Foaray Liquids 
Rumen fluid sample, by ration type Alf extract 
Concentrate Roughage Alf pasture 
Foamy Defoamed Foamy Defoamed Foamy Defoamed Foamy Defoamed 
38,7 43.9 52.3 55.9 48.2 48.2 51.3 53.6 
52.1 57.0 47.5 49.3 53.5 53.4 45.6 50.5 
45.8 43.5 54.4 51.9 58.3 56.1 45.6 45.1 
44.5 48.7 58.7 48.8 63.8 54.1 49.3 52.4 
45.7 49.0 54.6 56.6 62.9 56.3 62.3 49.8 
47.0 45.7 54.1 51.0 61.7 56.3 48.2 49.1 
43.3 44.5 59.8 54.1 44.4 45.7 
46.1 49.1 61.1 57.2 56.4 5'::>.3 
50.6 47.3 50-6 55.1 
50.9 52,4 48.3 54.4 
58.3 54.1 50.6 52.1 
49.0 50.9 49.5 53.0 
58.7 58.9 56.4 56.7 






48.3 49.5 53.6 52.3 58.7 54.5 51.3 52.2 
Table 5 (Continued) 
Analyses or variance 
Concentrate ration 
Source var df SS MS F df 
Foarn vs defoam 1 12.85 12.85 2.61 1 
Samples 18 747.71 41.54 8.43** 5 
Error 88.76 4.93 _5 
Total 37 849.32 11 
F.01=3.13 
Alf pasture 
Source var df SS MS F 
Foam vs defoain 1 70.56 70.56 12.60»* 1 
Samples 7 215.54 30.79 5.52* 13 
Error 
_7 39.06 5.58 13 
Total 15 325.16 27 
P q^=12.25 
Roughage ration 
SS MS F 
5.^7 5.47 0.44 




SS MS F 
5.70 5.70 0.56 




Discussion. The highly significant defoaming effect on 
surface tension which occurred with animals on pasture, as 
contrasted to the other rations, may be due to variations in 
foam type. Such an effect logically was absent in the case 
of the concentrate type ration because samples from these 
animals contained a foam that was more interspersed and more 
difficult to remove completely (see Figure 6), whereas with 
pasture animals the rumen fluid usually contained a top 
foam which could easily be removed. As a matter of fact. 
some samples from concentrate-fed individuals contained foam 
so interspersed that samples could not be used in this trial. 
The variability of samples in regard to foam column undoubted -
ly accounts for the significant value (PC.Ol) obtained for 
sample variation in the case of concentrate-fed animals. 
The small foam removal effect in the case of roughage-
fed animals can be explained by the general absence of rumen 
fluid foam. Only a few samples having foam were available 
for this trial, and they had only small foam columns. 
Negligible defoaming logically resulted in a negligible sur­
face tension alteration. For the same reason the sample 
variation was logically small. 
No good explanation is available for the lack of defoam­
ing effect in the case of alfalfa extract. However, the 
significant sample variation is explained by the occurrence 
of both top foam and the interspersed type of foam in the 
samples. Why both types should occur is difficult to explain. 
FIGURE 6 
A Visual Comparison of Foamy Versus Non-foamy Type Rumen Fluid. 
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Phase 8. Diurnal variations in rumen fluid surface tension 
andpST " 
Procedure. Rumen fluid was obtained orally with stomach 
pump and tube from 2 intact animals and orally as well as via 
fistula from 1 fistulated animal at uniform time Intervals 
throughout a 15-hour period beginning at 6 A.M. Surface ten­
sion and pH of the freshly drawn samples were determined 
subsequent to each sample collection. The data src Ghoi-m in 
Table 6. Each surface tension value is the average of 5 
consecutive tensiometer readings. 
Results. A significant change (P <.01) in both surface 
tension and pH occurred. The general trend was downward as 
indicated by the data shown in the average columns of Table 6. 
Sample variation was higher for pH than for surface tension. 
The pH of oral samples was markedly higher than but surface 
tension was about relatively the same as samples taken via 
fistula. 
Discussion. Although sample variation was high a general 
trend is evident from the averages plotted in Figure 7« The 
lack of continuity in the case of pH is evident feaih from 
the graph and from the significant value (P <.05) for sample 
pH as shown in the analysis of variance presented in Table 6. 
Time of sampling In relation to eating is not a considera­
tion in this trial inasmuch as all 3 animals had feed and 
water ad libitum throughout the test period. 
Table 6 






2 3 4 Av 1 
pH _ 
Sample 





























































Samples 1 and 2 were collected orally from 3995 and 3992. 
orally and sample 4 via the fistula from animal 3903. 
Sample 3 was collected 
Analyses of variance 
Surface tension pH 
Source var df SS F df SS MS 
Collection hours 5 323 .50 64. 70 16.20** 5 12 .96 2 .59 
Samples 3 36 .27 12.  10 3.00 3 1 .29 0 .43 
Error 59  .96 4. 00 15 1 .70 0 .113 








Diurnal Variations in Surface Tension and pH of Rumen Fluid. 
(Rumen fluid was obtained from dairy animals No. 3995^ 3992 
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With samples obtained from the fistulated animal the 
influence of sample route on pH is in agreement with the 
results of Phase 2 of Preliminary Experiments (see Table 3 ) .  
Phase 9. Effect of short-time storage of sample at room 
temperature on rumen fluid surface tension and pH ~ ' 
Procedure. The rumen fluid samples obtained during the 
first period in Phase 8 (see Procedure, Phase 8) were also 
used to conduct Phase 9. These samples were drawn orally at 
6 A.M. from 2 intact animals and both orally and via fistula 
from a fistulated animal. All 4 samples were analyzed when 
fresh and again at 3^ 9) 12 and 15 hours later for sur­
face tension and pH. During the entire 15-hour period the 
4 samples were held at room temperature (approximately 27°C) 
with no attempt to prevent fermentation or any other decomposi­
tion process. The data are shown in Table 7. Each surface 
tension value is the average of 5 consecutive tensiometer 
readings. 
Results. Much sample variation occurred. Nevertheless, 
the averages Indicate a slight upward trend with sample age 
in both surface tension and pH. 
Discussion. The lack of uniformity in the upward trend 
with sample age of both surface tension and pH is illustrated 
in Figure 8. It is apparent that the trend was small, and 
little importance should be attached to the slight increase 
without additional supportive experimental evidence based 
Table 7 
Effect of Short-tirne Storage at Room Temperature on Surface Tension and pH 






2 3 4 AV 1 2 
pH a 
Sample 
3 4 Av 
0 (fresh) 55.2 49.3 59.4 58.8 55.7 6.50 6.10 7.15 6.60 6.59 
3 61,7 48.9 58.8 57.4 56.7 6.45 5.95 6.35 6.60 6.34 
6 63.6 49.3 59.0 58.2 57.5 6.35 5.90 7.55 6.65 6.61 
9 59.1 47-7 57.6 57.2 55.4 6.25 5.90 7.75 6.55 6.61 
12 60.9 50.5 59.0 59.2 57.4 6.35 5.90 7.85 6.65 6.69 
15 61.6 50.0 58.7 58.2 57.1 6.40 5.90 7.75 6,65 6.68 
a 
Samples were collected from 3903^ 3992 and 3995. 
FIGURE 8 
Effect of Short-time Storage at Room Temperature on Surface 
Tension and pH of Rumen Fluid. 
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on a larger number of observations. Inasmuch as rumen fluid 
is known to be highly populated with microflora and to have 
a high fermentation rate vlvOj it is interesting to note 
how small the changes were, particularly in the case of pH. 
Explanations for this could include (a) quick destruction of 
rumen microflora when removed from the animal body environ­
ment, (b) bacteriostasis and (c) buffering capacity of ingesta. 
An important aspect of the results of this trial is 
that rumen fluid samples withdrawn for surface tension and 
pH determination apparently need not be analyzed with 
expedition. This de-emphasizes the importance of small 
delays between collection and analysis. The value of this 
finding is even more apparent when one considers that sample 
analysis quicker than 2 to 3 minutes post-collection is 
difficult even under ideal conditions where the laboratory 
and animal stalls are in the same building,. 
Phase 10. Daily variations in rumen fluid surface tension 
Procedure. Rumen fluid samples were collected orally 
at approximately 10 A.M. on 3 different days from animals 
on concentrate, roughage and intermediate type rations. 
Animals were selected which were under a constant feed and 
management routine, and surface tension on each sample was 
determined without delay in a routine manner to eliminate all 
known variables except day of collection. Data are shown in 
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Table 8. Each value is an average of 5 consecutive tensiom-
eter readings. 
Results. The surface tension varied significantly from 
day to day, such variations being considerably greater than 
those normally attributed to sample differences. The daily 
change was not in a uniform direction with all 5 of the 
animals (see Table 8). 
Discussion. Further observations with greater sample 
numbers for an extended period of time or a repetition of the 
present trial with absolute control of feed and water consump­
tion (both qualitatively and quantitatively) would be desirable 
before drawing conclusions from the results of this trial. 
Nevertheless, indications are that rather large daily varia­
tions in rumen fluid surface tension occur. One may specu­
late that such variations are dietary in origin, with the 
primary etiological factor or factors ranging from management 
changes to pathology. 
Phase 11. Effect of prolonged storage at room temperatare on 
surface tension and pH of rumen fluid and alfalfa extract " 
Procedure. Rumen fluid samples were collected orally 
from 3 animals on the same feeding regime and were stored at 
room temperature for 1 week. An alfalfa extract sample was 
stored similarly. Surface tension and pH were determined on 
all samples when comparatively fresh and again at the end of 
each hours of storage for 7 consecutive days. The data 
Table 8 
Daily Variations in Surface Tension of Rumen Fluid 
Anima1 
Day 
2378® 3550^ 3821^ 3992® 3962® Av 
1 46.8 44.8 45.0 47.0 55.2 47.8 
2 ^3.3 45.4 49.^ 41.9 46.7 45.3 
3 45.9 43.6 53.9 51.2 52.3 49.'^  
Av 45.3 44.6 49.4 46.7 51.4 
Ana lysis of variance 





















2378 and 3550 were on the milking herd ration; 3821 was a fistulated animal on 
ration 4-Pj 3962 was on ration XBl-2c-53; 3992 was on ration XB2c-50. 
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are presented in Table 9. Each surface tension value is an 
average of 5 consecutive tenslorneter readings. 
Results. Although slight increases did occur, neither 
rumen fluid surface tension nor pH changed markedly during 
the 7 days. The slight increases occurred fairly uniformly 
among the three animals and are reflected in the averages 
plotted in Figure 9. 
Results with alfalfa juice differed from that of rumen 
fluid in that both pH and surface tension decreased with time 
as shown in Figure 9. 
Discussion. The uniform daily decrease of alfalfa extract 
pH was spectacular^ whereas the surface tension decrease was 
small and Irregular. One could speculate that the microflora 
in alfalfa extract remained active longer ^  vitro inasmuch 
as less deviation from normal habitat and environment occurred. 
Certainly a greater temperature shock, at least, occurred in 
the case of rumen microflora, although many factors other than 
temperature could be contributory. 
Phase 12. Effect of long-time storage under refrigeration 
on rumen fluid surface tension and pH ~~ ™ 
Procedure. As rumen fluid samples were collected periodi­
cally for analyses in the feed-lot bloat experiment (see 
Experiment 2) the surface tension and pH were determined 
routinely, after which the samples were refrigerated as long 
as storage space was available. These samples were utilized 
Table 9 
Effect of Prolonged Storage at Room Temperature on Surface Tension and 





















0 (fresh) 53-9 56.6 56.0 55.5 48,5 7.35 6.95 7.25 7.18 6.15 
1 56.7 56.1 56.0 56.3 48.8 7.2 6.95 7.2 7.12 5.6 
2 56.9 58.0 58.3 57.7 46.4 7.6 7.0 7.5 7.37 5.55 
3 58,1 59.2 6o. 5 59.3 45.6 7.7 7 .45 7.15 7.43 5.45 
4 58.2 58.8 58.7 58.6 47.5 7.65 7.2 7.65 7.50 5.20 
5 57.7 58.3 58.5 58.2 46.2 7.75 7.45 7.8 7.67 4.80 
6 57.1 58.1 59.3 58.2 47.1 7.75 7.65 7.75 7.72 4.50 
7 56.7 57.5 57.7 57.3 46.0 7.7 7.65 7.7 7.68 4.50 
Av 56.9 57.8 58.1 57.6 48.0 7.59 7.29 7.5 7.46 5.22 
^Pistulated animals on ration 4-F. 
FIGURE 9 
Effect of Prolonged Storage at Room Temperature on Surface 
Tension and pH of Fluids. 
(Rumen fluid samples were collected from dairy animals No. 
3821, 3893 and 3903.) 
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In conducting phase 12. The samples were removed from 
refrigeration (approximately iCc), warmed to room tempera­
ture and analyzed for surface tension and pH. A total of 
1^1-2 samples were analyzed, both when fresh and following 
storage. Storage time among the samples ranged from 5 to il-2 
days. The data are summarized in Table 10. Each value is 
an average of 5 consecutive tensiometer readings. 
Results. As emphasized in Figure 10 only small changes 
from the fresh sample surface tension and pH values occurred 
in samples stored less than 21 days. These changes occurred 
in both directions. The pH changes, however, were relatively 
greater in range than were surface tension changes. More 
radical changes occurred both in surface tension and pH in 
samples stored longer than 21 days. 
Discussion. These results agree with results obtained 
in Phases 9, 10 and 11 of Preliminary Experiments in that 
rumen fluid sample storage did not markedly affect either 
surface tension or pH. The increased effect observed with 
storage beyond 21 days could be attributed to gross decomposi­
tion which occurs. In most of the older samples mold growth 
was prolific, and the color, odor and physical appearance 
were radically different than when fresh. 
General Discussion of preliminary experiments 
The most important single contribution of these prelimin­






















of Long-time Storage under Refrigeration on Surface Tension and 
pH of Rumen Fluid 
No. ST pH 
samp 
Fresh Stored Diff Fresh Stored Diff 
9 57.7 56.7 -1 .0  6.70 6 .70  0 
5 44.4 45.0 +0.6 5.49 5.38 ~0.11 
6 52.2 52 .0  -0 .2  6.10 6.10 0 
6 53.9 52.5 -1.4 6.90 7.30 +0.40 
6 47.2 48.6 +1.4 5.50 5.70 +0.20  
6 53.4 52.0 -1.4 6.90 7.00 +0.10 
8 49.2 49.1 -0.1 5.79 5.88 +0.09  
5 48.0 48.0 0 5.60 5.70 +0.10 
6 55.9 55.1 -0.8 6.60 7.30 +0.70  
18 50.7 50.4 -0.3 6.02 6.16 +0.14 
4 55.9 53.6 -2.3 6 .90  6 .30  -0 .60  
5 56.3 51.1 -5.2 6 .83  7 .07  +0.24 
3 42.1 43.5 +1.4 5.30 4.95 -0.35 
6  53.0 52.2 -0.8 6. 28  6 .69  +0i4l 
5 57.5 57.9 +0.4 6 .65  7.12 +0.47 
1 51.6 48.8 -1.8 5 .60  5.65 +0.05  
10 52.8 54,5 +1.7 6 .87  7.93 +1.06  
6  50.0 51.2 +1.2 5 .65  6 .23  +0 .58  
1 51.6 53.7 +2.1 7.10 7.20 +0.10 
8 49.2 48.8 -0.4 5 .87  6.21 +0.34 
Table 10 (Continued) 
Storage No. 
time samp ST pH 
days 
Fresh Stored Dlff Fresh Stored Diff 
38 4 56.8 55.5 -1.3 6.57 7.01 +0.44 
39 2 39.8 40.9 +1-1 4,80 4.50 -O.3O 
40 1 48.5 53-9 +5.4 6,15 7-60 +1.45 
42 11 48.5 51.0 +2.5 5.91 6.17 +0.26 
Av -0,2 +0.24 
FIGURE 10 
Surface Tension and pH Changes In Refrigerated Rumen Fluid as 
Influenced by Long-time Storage. 
(Data shown are based on 142 samples from dairy animals on both 
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of rumen fluid surface tension and pH need not be accomplished 
immediately subsequent to sample withdrawal. Accurate values 
can be obtained even after a delay of several hours provided 
analyses are made with uniform technique and with samples 
held at a uniform temperature. Of course, deliberate delays 
certainly are not to be recoramended. However^ some delay 
is unavoidable even under an ideal laboratory-barn physical 
relationship. As a matter of fact, in this research samples 
usually were transported several miles to the laboratory with 
a delay of 1 to 2 hours. 
Greater errors are likely to occur with faulty or in­
consistent technique than v;ith minor delays in analyzing 
samples. Variations in consecutive tensiometer readings may 
be as great as 2 or 3 dynes on the same sample under certain 
techniques (see Table 2), whereas variations smaller than 
this were observed even after prolonged sample storage 
when uniform technique and environment were employed for 
samples. 
It should be emphasized that the surface tension of 
rumen fluid is comparatively high in comparison to surface 
active agents. Moreover, in all eases in this as well as 
other sections of this research a surface tension decrease 
has nearly always resulted from the addition of surface 
active agents^ either ^  vivo or vitro, to rumen fluid. 
It follows then that the relation (if any) between surface 
tension adjustment via these agents and reduction of bloat 
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pathogenesis must involve a reduction of surface tension 
existing during bloat. 
Green Forage Type Bloat 
Phase 1. Pasture bloat 
Procedure 
Animals. Twenty-two beef animals (Table ll) were di­
vided into 2 groups approximately equal, in regard to age and 
size of animals. However, at the time of assignment no vital 
statistics or history were known and recognition of age and 
size depended entirely upon physical appearance at the time. 
Fourteen animals were placed on experiment ffey 7, 1955 
and 8 more animals on May 28, 1955. Each animal was weighed 
the day prior to entry on experiment. 
Field and equipment. A nearly pure stand of alfalfa 
in 1 field (approximately 26 acres) was employed as the only 
source of feed. Fresh water was supplied daily in 2 water 
tanks located in the pasture. Block salt was made available 
near the water tanks. The field was subdivided by electric 
or barbed wire fence into 7 plots. The seventh plot was not 
used since it was excessively contaminated with weeds and 
grass. Plot fencing was arranged to provide permanent lanes 
from each plot to the centrally located water tanks. There­
fore, water and salt were available ad libitum regardless 
of which plot was being grazed. 
Table 11 


















1 6 1 Angus 12 5-6-55 1128 9-12-55 1050 129 -78 
84 9 Hereford 2 5-6-55 960 9-12-55 Dead 
91 10 Hereford 1 5-6-55 898 9-12-55 930 129 32 
93 11 Hez'eford 1 5-6-55 675 9-12-55 705 129 30 
92 12 Hereford 1 5-6-55 805 9-12-55 860 129 55 
22 13 Shorthorn 12 5-6-55 1012 9-12-55 1020 12Q 8 
19 14 Shorthorn 13 5-6-55 1270 9-12-55 1200 129 -70 
116 15 Hereford 1 5-27-55 655 9-12-55 850 108 195 
120 16 Hereford 1 5-27-55 625 9-12-55 740 108 115 
134 17 Hereford 1 5-27-55 590 9-12-55 760 108 170 
143 18 Hereford 1 5-27-55 550 9-12-55 650^ 108 100 
Av 4.2 58 
2 6l 2 Angus 4 5-6-55 992 9-12-55 1060 129 68 
79 3 Hereford 2 5-6-55 885 9-12-55 1020 129 135 
81 4 Hereford 2 5-6-55 1038 9-12-55 1150 129 112 
88 5 Hereford 2 5-6-55 880 9-12-55 950 129 70 
87 6 Hereford 2 5-6-55 995 9-12-55 1140 129 145 
42 7 Hereford 8 5-6-55 1026 9--12-55 1020 129 - 6 
39 8 Hereford 9 5-6-55 1200 9-12-55 1230 129 30 
119 19 Hereford 1 5-27-55 605 9-12-55 720 108 115 
125 20 Hereford 1 5-27-55 630 9-12-55 730 108 100 
135 21 Hereford 1 5-27-55 705 9-12-55 770 108 65 
146 22 Hereford 1 5-27-55 595 9-12-55 730 108 135 




Alfalfa growth stages among the plots were purposely 
controlled so as to always have lush growth available for 
grazing. 
A double corral was constructed in one corner of the 
field with permanent lanes provided from each plot to the 
corral. The double corral consisted of a larger holding 
corral and a smaller corral which led into a chute. Medica­
tion and sample collection was accomplished within either 
the smaller corral or chute. 
Equipment for restraint, sample collection, identifica­
tion and emergencies, as well as emergency medicinal agents 
were maintained in the field. 
Data collection. Field sheets were provided with 
space to record observations on water and feed consumption, 
forage quality, bloat incidence and severity and morbidity. 
Feed consumption, bloat incidence and severity and morbidity 
were observed on each Individual animal. During preliminary 
observations a constant watch for several hours per day was 
maintained to collect data on grazing and rumination habits. 
During official trial periods observations were recorded at 
periodic intervals from daylight until dark. In addition, 
night time observations were often made. To prevent undue 
disturbance of the animals all observations and evaluations 
were made visually by walking among them rather than by 
palpation. Large white numbers were painted on each animal 
to facilitate recognition from a distance. Initially, data 
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were obtained and recorded by several people. However, during 
official trial periods 2 people made all the observations 
and evaluations. 
Written standards were provided to help make the evalua­
tions. The standards employed in evaluating bloat severity 
were as follows; 
Bloat Degree of Clinical 
code bloat description 
0 None Normal anatomical appearance. 
1 Slight Slight distention or "puffy" in the para-
lumbar fossa region. 
2 Mild Well rounded out between hip and rib on 
left side. Distention definitely greater 
than that of a good fill. 
3 Moderate Exaggerated distention of left abdomen, 
with a fullness of the right abdomen; 
malaise. 
4 Severe Left abdomen very distended; right side 
distended well beyond normal limits; 
left hip barely discernible; skin taunt 
and drumlike; dyspnea; defecation; 
urination. 
5 Extreme Same appearance as with severe bloat 
but more exaggerated, particularly on 
right side; extension of both sides 
dorsally so as to bury the vertebral 
column; extreme respiratory embarrass­
ment, with gasping; head down; anxious 
expression; wild eyed; down or about to 
go down. Or^ less exaggerated distention 
but prominent indications of toxemia. 
No standards were needed for bloat incidence inasmuch as an 
animal was either bloated or not bloated at the time of 
observation. Bloat incidence was calculated as percent of 
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time bloated in relation to the total times observed in the 
field. 




1 Grazing alfalfa 
2 Grazing grass and weeds along fencellne 
3 Standing^ not eating 
4 Restlessness 
5 Drinking 
6 Lying down 
7 Sporadic grazing 
Grazing intensity was computed from data based on the above 
standards and expressed as a mathematical average according 
to the following scale: 0 not grazing, 1 sporadic grazing, 
2 continual grazing. Therefore, the grazing intensity figures 
ranged from 0 to 2 for each animal. Grazing Incidence was 
calculated as percent of time grazing in relation to the 
total times observed in the field. 
Treatments. Treatments consisted of trlsodium 
a phosphate and a detergent. The detergent was used more 
extensively with 2 dosage levels being employed in separate 
trials. Determination of which of the 2 groups should first 
Ultrawet "K", a sodium alkyl aryl sulfonate type detergent 
furnished by courtesy of Atlantic Refining Co., Philadelphia. 
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receive treatment was by random assignment. Daily dosage 
levels per 1000 pounds body weight were as follows; 
trisodium phosphate, 35 grams; detergent, lower level, l8 
grams; detergent, higher level, 30 grams. In all cases 
administration was by gelatin capsule via balling gun. 
Periods» Animals were allowed to graze with no 
treatment during control periods. Adjustment periods were 
provided after each treatment. While one group was on 
treatment or adjustment the other group was on control. The 
periods, by group, were as follows (see Table 12); 
Group 1 Group 2 Period length 
cTap"^ 
Control Control 5 
Control Trisodium phosphate 9 
Control Adjustment 3 
Control Detergent, low level 25 
Control Adjustment 17 
Control Detergent, high level 18 
Control Adjustment 5 
Control Adjustment 5 
Detergent, high level Control 21 
Adjustment Control 5 
Control Control 16 
Data analysis. Under supervision of Mr. Jack Paul 
of the Iowa State College Statistical Laboratory the data were 
analyzed according to the method of Brandt (23). Bloat 
Table 12 
Alfalfa Pasture: Bloat Incidence and 
Severity 























































































Incidence data were analyzed both from collected data and 
from transformed data as shown in Table 13; whereas bloat 
severity data were analyzed from collected data only. 
Results. With trisodiura phosphate both bloat incidence 
and severity were as great or greater in the treated group 
than in the control group (see Table 12 and Figures 11, 12 
and 13). When the detergent was administered at the lower 
level bloat severity was only slightly less in the treated 
group. When the detergent dosage was increased to the 30-gram 
level, hovfever, a marked decrease both in incidence of bloat 
and in severity of bloat occurred (see Table I3). The only 
exceptions were animals 3^ ^ and 22 in group 2 wherein the 
bloat incidence was slightly greater when on treatment, 
animal 20 in group 2 wherein the bloat severity remained 
unchanged by treatment and animal 18 in group 1 wherein no 
bloat occurred during the trial. Analyses of the data in 
Table 13 indicated that significant reduction (P <.01) of 
both severity and incidence of bloat occurred during the 
treatment period. 
Interrelationships of forage quality and consumption, 
weather, grazing incidence and intensity and bloat incidence 
and severity in this trial are shown in Table 14. These 
data were tabulated only for group 1 while on control for 
an extended period of time. Greatest bloat severity did not 
occur during the same period as greatest bloat incidence. 
As a matter of fact, little connection is evident between 
Table 13 
Alfalfa Pasture; Individual Animal Mean Bloat Incidence and Severity as Influenced by 
a High Prophylactic Level of Detergent 
(Experiment Ij, Phase 1) 
Bloat sev Bloat incid 






1 C T C T 
1. i,o 0 4 11.54 0 0 
10 1.1 1.0 12 20.27 5 12.92 
11 1.3 1.0 16 23.58 3 9.98 
12 2.0 1-4 54 47.29 6 14.18 
13 1.8 1.6 54 47.29 11 19.37 
14 1.0 0 2 8.13 0 0 
15 1.6 1.0 10 18.44 2 8.13 
16 1.5 0 8 16.43 0 0 
17 1.6 1.5 20 26.56 2 8.13 
18 0 0 0 0 0 0 
Total 10 12.9 7.5 180^ 219.53 29 72.71 
Av 1.29 0.75 14b 21,95 1. 7.27 
a 
Transformed I data taken from Table 16*8 STATISTICAL i^THODS, Snedecor. 
b 
Percentage corresponding to the angles shown on the average line in the above 1 
(see Table 16.8) • 














2 T C T C 
2 1.4 2.2 14 21.97 15 22.79 
3 2,1 2.4 32 3^.45 29 32.58 
4 1.2 2.8 10 18.44 5 12.92 
5 1.4 2.3 8 15.43 26 30.66 
6 1.6 2.0 8 16.43 16 23.58 
7 1.7 2.3 6 14.18 29 32.58 
8 0 1.6 0 0 13 21.13 
19 1.5 2.3 4 11.54 6 14.18 
20 1.0 1.0 2 8.13 3 9.98 
21 1.8 2.0 28 31.95 31 33.83 
22 1.3 1.7 18 25.10 16 23-58 
Total 11 15.0 22.6 130 Vi 198*62 189 V, 257.81 
Av 1.36 2.05 9. 6° 18.06 15.8^ 23.44 
Analysis of variance 
For bloat sev 
Source var df ss MS F 
Periods 1 0.11 0.11 
IndivlduaIs 20 14,77 0.74 2.31* 
Groups 1 4.97 4.97 
Within group 1 9 5.91 0.66 
Within group 2 10 
6.46 
3.89 0.39 
Periods x individuals 20 0.32 error 
Periods x groups 1 3.98 3.98 30.62»* 
Periods x individuals group 1 9 1.10 0.12 error=0,13 
Periods x individuals group 2 10 1,38 0.14 
Total 41 21,34 
Table 13 (Continued) 
For bloat Incld (original data) 
Source var df SS 
Periods 1 201 
Individuals 20 4293 
Groups 1 
Vfithin group 1 9 
Within group 2 10 
Periods x individuals 20 
Periods x groups 
Periods x individuals group 1 









Within group 1 
Within group 2 
Periods x individuals 
Periods x groups 
Periods x individuals 
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FIGURE 11 
Alfalfa Pasture Plus Medication: Chronological Sequence of 
Bloat Incidence, 
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FIGURE 12 
Alfalfa Pasture Plus Medication; Chronological Sequence 
Bloat Severity. 
(Experiment 1, Phaae l) 
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Alfalfa Pasture: Influence of Medicaments on Bloat Incidence 
and Severity. 
(Experiment Ij, Phase 1) 
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Alfalfa Pasture; Bloat Incidence and Severity as Influenced by Forage Quality, Con­
sumption and Other Environmental Factors 








Atm "Mf Rain Air 
circ 
Fge 
1 1 6 .8 1 .9 84 4 1.0 2.2 55 67 0.37 1.0 
2  8 .7 1 , 6  69 31 1.3 1 .6  63 57 0 1.0 
3 14 .3 1 . 6  78 14 1.2 1. 6  73 62  0 .38  2.3 2.0 
7 .7 1 .7 58 33 1.3 2.0 64 68  0 .09  2.0 2.1 
5 14 .5 1 .7 14 53 1.8 1.9 76 70 0 .25  2,2 1.8 
6  19 . 6  1 .8 33 40 1.5 2.0 77 72 0 .16  1.7 1.7 
7 8 .2 1 ,2 0 53 2.0 1.6 So 65  0  2.0 3.0 
10 8  .3 1 -7 4 58 1.9 1.4 71 54 0.06 1.5 2,1 
Av 11 .0 1 .65 42,5 35.8 1.50 1.79 69.9 64.4 0.164 1.95 1.84 
Summary of most extreme conditions 
Bloat:raost 6,1 19 .6 1 .9 
least 1,7 6  .8 1 -2 
Grazingsmost 1,10,7 84 58 2.0 
least 7,1,1 0 4 1.0 
Weather:clear 10 1.4 
cloudy 1 2.2 
80 hot 7 
cold 1 55 
dry 10,2&7 54 0 
wet 6,3 72 0 .38  
calm 10 1.5 
windy 3 2.3 
Pge;best 1&2 1.0 
poorest 7 3.0 
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the two criteria. Little pattern is evident in regard to 
the influence of grazing Incidence and intensity on the 
incidence or severity of bloat (see Table 14). 
No appreciable effect of medieatnents upon grazing habits 
was observed (see Table 15). 
Marked differences existed between rumen fluid samples 
drawn from animals while bloated and those samples drawn 
from animals while not bloated. The most marked contrast 
(see Table 16) occurred in the case of foam 1/2 life, although 
extensive differences existed in all measured rumen fluid 
properties. 
Discussion. The procedure followed for making up the 
2 animal groups In this research followed the assumption that 
in experiments involving large animals selection to provide 
groups which are relatively equal in age and size is desirable, 
but assignment of like animals to specific groups and deter­
mination of which group whould first receive the treatment 
should be left entirely to chance. As it happened there were 
some differences between animals in regard to tendency to 
bloat. Animal number 18 did not bloat at any time during the 
summer. This may have been due to her flighty, nervous dis­
position. 
It was recognized that one of the more difficult evalua­
tions to make in this research would be bloat severity. In 
stanchioned animals severity can be determined by visual 
Table 15 
Alfalfa Pasture: Influence of Medication on Grazing Conduct 
(Experiment 1, Phase l) 
Grazing incld Grazln 
Medicament T-No. __—.22!? int 
^ Totaia %GrD ^ Total^ ^ Gr'^ 
T C  T C T G  T C T G  T C  
Initial G 14 81 95 4 5 1.0 
Na 0]^ 7 7 69 69 69 69 31 31 31 31 1.3 1.3 
Det 
LL 11 11 59 58 68 67 28 33 32 33 1.3 1.3 
HL 11 11 33 33 44 45 42 40 56 55 1.6 1.5 
HL (Rev) 10 11 16 l6 28 27 42 43 72 77 1.7 1.7 
Terminal C 21 4 7 59 93 1.9 
Summary 
C 35 48 51 32 49 1.5 
Medicament 39 40 44 44 52 52 36 37 48 49 1.5 1.5 
total indicates percent of total time observations were recorded. Including idle 
time. 
^ gr indicates percent of total time active grazing occurred. 
Ill 
Table l6 
Alfalfa Pasture: Influence of Bloat Severity and of 
(Experiment 1, Phase 
Foam 





T C T c T C T c 
cc cc min m. 
Initial C 5 1 4 49.8 5.85 
5 8 0 0 55.7 57.6 6.75 6.81 
2 1 57.8 6.53 
Det 
LL 11 11 0 0 48.6 56.6 7.11 7.30 
1 4 63.0 6.85 
HL 11 11 0 0 48*2 53.5 7i06 6.98 16 14 143 : 
HL (Rev) 5 0 0 48,7 54.7 7.01 6.6 16 16 55 
9 3.5 59.6 6.76 13 i 
Terminal C 6 0 52.5 6.95 16 
4 3.8 61.4 6.66 6 
Summary of bloat influence 
Bloated l^i- 3.6 
Non-bloated 20 0,0 





11 11 0 0 
16 14 0 0 















16 14 115 

Table l6 
Severity and of Medication on Rumen Fluid Properties 
periment 1, Phase l) 
Poair. 
Vol 1/2 L IVI Vise Sgr FI 
T C T C  T C T C  T  C T C  
cc cc rain min io 
li22 0,988 0 0 
1.03 1^05 1,000 0,985 0*0 0,3 
1.04 0.996 0 

































































1.03 1.05 1.000 0.985 0.0 0.3 
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observation^ palpation and mechanical devices (such as a 
typanoraeter). However, under field conditions even tame 
animals refuse to allow such inspection, and many of the 
animals used in this trial were in no sense tame, some 
having come from western ranges. Furthermore, it was 
desirable to not disturb the animals while they were grazing. 
Therefore, all of the data shown in Phase 1 were collected 
by casual observation. 
Evaluation of bloat status is difficult to specify in 
the form of rules or standards which several people can 
uniformly follow. Therefore, ideally one individual should 
make all observations. However, such an arrangement was 
impractical under the conditions of this research. Personnel 
employed for observations, however, were limited to 2 (except 
for some initial observations), each one following the same 
written specifications for making evaluations (see Procedure). 
Undoubtedly, however, evaluations made by the 2 Individuals 
were not Identical. 
An interesting observation made repeatedly in regard to 
grazing habits was that weeds and grasses in the growing 
stage initially were preferred to lush, young alfalfa. As a 
matter of fact, one dandelion patch was grazed down to the 
soil line in preference to young, tender alfalfa. Such pre­
ferences are in contrast to popular beliefs in regard to 
palatability. Not until the leaves were stripped from weeds 
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and the grasses were grazed down did the animals begin eating 
alfalfa extensively. 
The control and treatment periods were not distributed 
evenly between the 2 animal groups for 2 reasons; (a) it 
was desirable to have one group on control for an extended 
period of time to facilitate analysis of environmental factors 
without introducing an additional variable such as treatment; 
and (b) the first 2 treatment periods failed to influence 
bloat occurrence; therefore, it was desirable to continue 
various treatments or dosage levels on the same group of 
animals until a workable product:dosage level combination 
could be found. Adjustment periods were provided to allow 
complete disappearance from the Intestinal tract of any 
medicament, thereby avoiding confounding of treatments. 
In regard to bloat incidence and severity, variations 
with time were great (see Figures 11 and 12), One explanation 
for this could be environmental changes. In general, bloat 
severity decreased in late summer as the days became more hot 
and dry (see Table 14-, period 7); however, this effect could 
have been due to poor quality forage available during that 
period. Perusal of the data in Table 14 emphasizes the com­
plexity of environmental interrelationships. It is hazardous 
to draw any conclusions under these circumstances. Observations 
in this research were in agreement with those of Johns (114) 
in that correlation between weather and bloat was not distinct. 
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Furthermore, In agreement with Johns (ll4), bloating was 
noted In all stages of plant growth, including seed stage. 
An interesting observation in this research is that more 
bloating occurred in the evening than at any other time. 
The majority of cases occurred after 5 P.M., which approxi­
mately agrees with observations made by Kephart (l2l), but 
does not agree with Johns (114). The next greatest frequency 
was in the early morning, approximately 5-7 A.M. 
The data in Table 12 indicate that medication with 
Ultrawet "K" was quite effective at the higher dosage level 
as contrasted to the insignificant effect at the lower 
dosage level. Nichols (l6o) has advocated the prophylactic 
use of detergents, but at a lower daily dosage level than 
the 30 gram level found to be effective in this research. 
The totals and averages shown in Table I3 similarly show a 
marked effect at the high level. Inspection of individual 
animal data indicates that such an effect was fairly uniform 
among animals. Prom results shown in Table 13 the method of 
assigning animals to groups may be questioned inasmuch as the 
animals in group 2 bloated much more than those in group 1. 
In fact, bloat severity was greater in group 2 even when 
treated than in group 1 when on control. All the data shown 
point to the differences of the 2 groups In regard to bloat 
potential. The likelihood of such an arrangement occurring 
by chance is small. However, with the exception as explained 
in the Procedure, group assignment was made entirely by chance 
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with no previous acquaintanceship with the animals or knowledge 
of case histories. 
Inasmuch as the collected data were expressed in percent 
and apparently had a poisson distribution^ after statistical 
counsel it was decided to analyze bloat incidence data using 
the data both as they were collected and when transformed. 
Analyses with both sets of figures indicate a significant 
treatment effect (P<O.Ol)j however, the mean squares for 
periods x individuals in group 1 and periods x individuals 
in group 2, as calculated from transformed data, appear more 
reasonable. Therefore, probably the F value for the trans­
formed data more nearly indicates the true effect. It is 
interesting to note that the calculated F is much larger than 
the F value at P<.01 as shown in Table 16,8 in Statistical 
Methods (202). 
One may suspect that dally treatment would interfere with 
grazing. However, the data in Table 15 indicate no such 
effect. Comparison of grazing incidence and intensity 
between treated and control groups reveals no marked differ­
ences. The grazing variations with period, as shown in the 
data, cannot be attributed to treatment inasmuch as similar 
variations occurred in both treated and control groups. 
Undoubtedly these variations are attributable to weather, 
forage quality or other environmental factors. 
The marked effect of bloat on measured rumen fluid 
properties, as shown in Table 16, indicates that conditions 
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in the rumen are different as a result of bloat. It is 
Interesting to note that although less foam volume could be 
artificially produced ^  vitro in the case of samples drawn 
from animals while bloated the durability of that foam was 
exceedingly great when compared to samples drawn from animals 
not bloated. This same difference existed in practically 
all samples drawn during the grazing season, regardless of 
treatment, and is reflected in the foam 1/2 life data wherever 
shown in Table l6. The decreased pH of fluid from bloated 
animals may be due to more carbon dioxide trapped in the 
sample. The increased surface tension, increased viscosity, 
increased foam index and decreased specific gravity in the 
case of bloat all logically go together and typically reflect 
the difference between thick, fluffy, foamy ingesta as 
contrasted to liquid, water-like ingesta. This interrelation­
ship has been seen repeatedly during this research and is 
in agreement with many other experiments (160,190,221,226). 
Such knowledge was undoubtedly the principle motivation for 
veterinary supply houses to market defoaraing agents as medica­
ments for bloat, 
Trisodiutn phosphate did not appreciably alter surface 
tension but did lower pH as much as 0.28. However, the 
opposite effect was expected. The product was administered 
on the theory that pH would be increased by the sodium salt. 
Inspection of the data in Table l6 indicates that maybe pH 
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is not a major factor in the etiology of bloat as long as 
normal pH limits are maintained, inasmuch as trisodium 
phosphate did influence pH in the same direction as occurred 
due to bloat yet administration of this product failed to 
reduce bloat incidence or severity. However, conclusions 
should be drawn with reservation inasmuch as pH may be 
interrelated with many factors in the rumen, although tri­
sodium phosphate did not appreciably alter other rumen fluid 
properties which were measured in this experiment. 
Ultrawet "K" considerably reduced both surface tension 
and bloat; therefore, one may suspect that surface tension is 
related to bloat. However, the relationship could be a result 
rather than a cause. Similarly viscosity, specific gravity 
and foam were influenced by the detergent in this experiment 
(also noted by Nichols, l60 and l6l), and any one or all of 
these properties could be either a result or the cause of 
bloat. One cannot conclude from these data which of the 
measured properties (if any) are more important in the bloat 
syndrome. However, it is clearly demonstrated that these 
properties (surface tension, viscosity, specific gravity and 
foam) were similar when comparing detergent treated animals 
with non-treated, non-bloated animals. Whether bloat was 
decreased due to the effect of detergent on any one particular 
rumen fluid property, due to the combined effect on several 
properties or unrelated to any effect of these properties is 
not known, Nichols (l60) ascribes the effect to an increase 
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of effective buoyancy and clearing the rumen of froth. An 
etiological relationship between decreased bloat occurrence 
and rumen fluid properties as altered by the detergent is 
certainly suggested from the data. 
Phase 2. Forage extracts 
Procedure 
Forage types and sources. Alfalfaj, Ladino clover, 
brome grass, orchard grass and birdsfoot trefoil were employed 
as green forages. These forages were selected because of being 
more available and because legumes both known to cause bloat 
(alfalfa and clover) and not known to cause bloat (birdsfoot 
trefoil) were thus included. Grasses were also employed 
inasmuch as they are not considered to be bloat-provoking. 
Clover, grasses and birdsfoot trefoil were each obtained from 
single fields, but alfalfa was obtained from 4 fields differ­
ing in geographical location. 
In addition, commercially prepared fractions of both 
liquid and solid portions of alfalfa were employed. The solid 
portion consisted of special preparations of alfalfa meal 
(see Forage fractions), whereas the liquid portion consisted 
of 3 products furnished by courtesy of Western Condensing 
Company. The latter products were concentrated alfalfa serum,® 
^Prepared by precipitating protein curd (sludge) from fresh 
alfalfa Juice by means of pH adjustment and heat, then remov­
ing the sludge by centrifugation. The product was thick and 
looked like syrup. It contained none of the green pigments 
or acid precipitated protein. Yield per 150 pounds of fresh 
alfalfa juice was 27 pounds. It analyzed 58.7^ solids, 
11.5^ ash and 17.7^ protein. 
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a 
a sludge or curd which precipitated during the concentrating 
process and spray dried alfalfa juice.^ 
Harvesting, extraction and storage. Forages were 
harvested at various growth stages by field chopping directly 
into a truck. In all cases harvesting was done at approxi­
mately 8 A.M. With minimum delay the chopped forage was 
transported to the Chemical Engineering Building on the Iowa 
State College campus where the Juice was extracted by means 
of an Anderson expeller (see Figure 14). As observed in 
Figure 14, the chopped forage was introduced by hand into 
one end, and the products came out the other end of the 
machine. Both long and chopped forages were tried, but 
chopped forage fed into the machine more efficiently. An 
auger carried the forage into a chamber where, under pressure, 
Juice was extracted and escaped via slits in the chamber 
housing. The resulting pulp was forced out from around a 
cone in the end of the chamber opposite the auger. Movement 
of the cone in relation to the chamber housing altered the 
size of the main exit through which pulp had to pass, thereby 
altering pressure within the chamber. By adjusting pressure 
Q Subsequent to separation from the serum by centrifugatlon, 
the sludge was resuspended in water to remove more solids, 
recentrifuged, mixed with water and spray dried. Yield per 
150 pounds of fresh alfalfa was 6 pounds. It analyzed 2.75^ 
moisture, 7.2^ ash, 53.8^ protein, 2.15^ crude fiber and 
13.95^ crude fat. 
'^Made by concentrating and spray drying the Juice fraction 
of alfalfa. It represented about 40^ of the original alfalfa 
solids. Yield per 150 pounds of fresh alfalfa Juice was 20 
pounds. 
FIGURE 14 
Anderson Expeller, Used in Obtaining Extracts from Green For­
ages. 
(Experiment 1^, Phase 2) 
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the efficiency of extraction could be altered. Inasmuch as 
it was possible with some forage types to have the cone so 
tightly fitted that the motor would overheat and pulp would 
be forced through the slits provided for juice exitj adjust­
ments were necessary according to the type of forage. How-
ever^ in all cases the cone was adjusted to allow maximum 
juice yield without sacrificing machine efficiency. 
The expressed juice was collected in 5 gallon buckets 
covered with 2 layers of cheese cloth, thus facilitating 
collection of strained juice in 1 operation. Solid material 
trapped by the cheese cloth was discarded with the pulp. The 
resulting product was a liquid thin enough to pass through a 
stomach pump. It was transferred from collection buckat to 
milk cans. The pulp which extruded from around the cone was 
collected in silage baskets. Juice yield was calculated from 
the weight of pulp and juice and expressed as per cent of 
the total combined weight. Average yield vfas approximately 
50^j or in other words, equal weights of extract and pulp. 
The extract was transported in milk cans to the Iowa 
State College Dairy Farm where It was either used fresh or 
stored at approximately The pulp was either discarded 
or fed to animals. 
Techniques employed In this research for obtaining for­
age extracts closely paralleled the method of Newbold (158), 
although at the time the author was unaware of Newbold's 
method. 
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Forage fractions. As shown in the Glossary, 10 
forage fractions were employed. Extracts obtained via the 
Anderson Expeller (fraction l) were either employed as such 
or stored under refrigeration until gravity separation 
occurred. In the latter case the supernatant liquid was 
employed (fraction 2), 
The coraraercial preparations from alfalfa Juice (see 
Forages types and sources), furnished by Western Condensing 
Company, were also employed. They were designated as 
fractions 3* ^ and 5. 
An alfalfa meal-water preparation (fraction 6) was also 
employed. This was made by first adding approximately 3 parts 
water to 1 part finely ground alfalfa meal to form a gruel, 
then expressing the liquid after the gruel was approximately 
48 hours old. Expression was accomplished with cheese cloth 
and an ordinary mop wringer. Other modifications included 
boiling the gruel, cooking with steam or employing the gruel 
as such. 
Solid fractions employed included alfalfa meal (fraction 
7), green alfalfa (fraction 8), expeller pulp (fraction 9) 
and chopped green alfalfa (fraction lO). 
Animal bloating trials 
Animals. Initially goats were employed in 
bloating trials to gain experience and knowledge in regard to 
dosage levels, preparation of products, methods of administra­
tion and emergency procedures to avoid fatalities. According 
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to Berg (19) bloating in goats is the same syndrome as in 
cattle, and therapeutic methods are similar. 
Cattle employed for extract bloating trials ranged from 
5 months to approximately I8 months of age and included 
both sexes and several dairy breeds. They were maintained 
on water, alfalfa hay and a concentrate mixture ^  libitum 
in between bloating trials. Individuals were subjected to 
approximately 10 hours fast prior to each bloating trial in 
order to provide (a) uniformity of fill and (b) sufficient 
ruminal space to permit administration of the product. 
Preparation and administration of products. 
In the case of forage extracts not administered fresh, it 
was necessary to heat them to body temperature subsequent to 
removal from cold storage, whereas extracts administered 
fresh were already approximately the correct temperature due 
to heating in the expeller. Various reports in the litera­
ture (48,52,155) indicate that the rumen can tolerate large 
amounts of liquid without temperature shock. Therefore, 
great precision in warming these extracts was not attempted. 
In some instances dextrose was added to the extract 
just prior to administration in order to provide additional 
substrate for bacterial fermentation, thus facilitating gas 
production in the rumen (118,147). 
All liquid forage fractions were introduced orally into 
the rumen by stomach pump and tube. Solid fractions were 
either fed or introduced via fistula. 
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Dosage rates varied during initial trials. However, 
the most satisfactory range (8 1/2 to 10^ body weight) was 
uniformly adopted for most preliminary and all subsequent 
bloating trials. The administration of volumes larger than 
10^ body weight was attempted. However, such massive doses 
frequently resulted in death due to overload rather than 
bloat. 
Observations and criteria. Criteria employed 
in evaluating individual animal response to bloating trials 
were (a) changes in rumen fluid properties and (b) clinical 
response to the product administered. Clinical response was 
measured by effect on barrel circumference, rumen motility, 
rumination, respiration, eructation, urination, defecation 
and appetite. Barrel circumference increase following 
administration of the material being evaluated was employed 
explicitly to measure bloat severity. Circumference measure­
ments were taken uniformly at the greatest point of disten­
tion. The routine sequence in each bloating trial was as 
follows; (a) immediate pre-administrative clinical observa­
tions to establish the normal} (b) collection of a pre-
administrative rumen fluid sample| (c) administration of the 
forage material; (d) post-administrative clinical observations 
every 30 minutes, continued as long as bloat existed or was 
pending} (e) collection of a post-administrative rumen fluid 
sample; and (f) introduction of emergency treatment, 
symptomatic treatment or dismissal of the animal, whichever 
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the case required. The rule followed in regard to collection 
time for post-administrative rumen fluid samples from bloated 
animals was to collect immediately subsequent to the first 
noticed decrease in barrel circumference. In most cases 
this resulted in bloat severity having decreased considerably 
by collection time inasmuch as 30 minutes routinely lapsed 
between each clinical observation. However, by any other 
rule samples may have been collected before the bloat peak. 
Samples from non-bloating animals were arbitrarily collected 
between 4 and 5 hours post-administratively. 
Bloat prevention trials. The same procedure as used 
in animal bloating trials was employed except that various 
products were added pre-adrainistratively as explained in 
the following paragraphs. 
In some cases a detergent, Ultrawet "K", was added pre-
administratively to alfalfa extract to determine if the 
effectiveness in reducing alfalfa pasture bloat (as previously 
demonstrated in this research) could be duplicated with bloat 
due to alfalfa extract. Additions were at the rate of either 
30 or 60 grams of detergent per 100 pounds of original whole 
alfalfa weight. For example, in a batch of chopped alfalfa 
yielding 50^ extract the detergent was added at the rate of 
either 30 or 60 grams per 50 pounds of extract administered. 
In other cases crystalline cholesterol was added pre-
adrainistratively to alfalfa extract to precipitate the alfalfa 
saponins (223), thereby facilitating study of the role of 
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saponins in bloat. Additions were at the rate of 2, 4 or 5 
grams per pound of forage extract. Since the cholesterol was 
not soluble in the extracts, suspensions were prepared. 
Several methods were used. Method 1: One liter of alfalfa 
extract and 150 grams of cholesterol, which had been sieved 
through a 20 tnesh screen, were mixed in a balling mill for 
60 minutes. The resulting aqueous emulsion was added to the 
extract to be administered at the rate of 4 grams of choles­
terol per pound extract. Method 2: One liter of alfalfa 
extract and 200 grams of cholesterol, sieved through a 40 
mesh screen, were mixed in a balling mill for l80 minutes, 
and the resulting aqueous emulsion was administered as above, 
at the rate of 4 grams of cholesterol per pound extract. 
Method 3: Sieved cholesterol was placed alone in a balling 
mill for l80 minutes, then extract was added at the rate of 
1 liter per 240 grams of cholesterol and the products were 
mixed for another 75 minutes. Administration, as above, 
was at the rate of 4 grams of cholesterol per pound extract. 
Method 4: Sieved cholesterol was placed alone in a balling 
mill for l80 minutes, then alfalfa extract was added at the 
rate of 1 liter per 425 grams of cholesterol and the products 
were mixed for another 150 minutes. Administration was at 
the rate of 5 gJfams of cholesterol per pound extract. 
Animal toxicity trials. Both fractions 1 and 2 (see 
Glossary) of birdsfoot trefoil extract were administered to 
dairy cattle. Procedure and animals employed were the same 
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as in animal bloating trials except clinical response to 
the extract differed. Therefore, a variation in emergency 
procedure and laboratory analyses was required. Specific 
cyanide antidotes were employed prophylactically by addition 
to the extract prior to administration at the rates specified 
in Table 21 and/or therapeutically by intravenous administra­
tion at the same level as used prophylactically. Blood 
analyses were made both pre- and post-administratively in 
these toxicity trials to determine the effect of trefoil 
extract on blood cyanide level. 
Lab curatory analyses. The following analyses or 
observations were made on rumen fluid samples and batches of 
forage extract; surface tension, pH, foam 1/2 life, viscos­
ity, specific gravity, liquid-solid ratio, fermentation rate 
and visual inspection (see Equipment and Methods). Both 
forage extract fractions 1 (whole juice) and 2 (supernatant) 
were so analyzed. In addition, fraction 1 of all expeller 
batches of forage extract was analyzed for total nitrogen, 
non-protein nitrogen, reducing sugar, fat, cyanide and crude 
saponin content, and dry matter of both fractions 1 and 2 
was determined. 
Bry matter of fraction 1 was determined by subjecting 
30 ml. samples to BO'C for 72 hours in a 50 ml. glass beaker, 
then determining weight loss. However, in the case of 
fraction 2 the samples were dried 30 hours in a vacuum oven. 
The procedure for the 2 fractions differed because of being 
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conducted In separate laboratories with different facilities. 
Nitrogen content was determined by the procedure of McKenzie 
and Wallace (15^). Somogyi's method of deprotelnizing (203) 
was employed to determine non-protein nitrogen. Reducing 
sugar content was determined by the method of Somogyi (203). 
The method of Bruce, Howard and Hanzal (25) was employed to 
determine blood cyanide, whereas the method of Scott (l9l) 
was used to determine the cyanide content of forage extracts. 
Crude saponin content was determined by the method of Walter 
et al. (223)J and fat content by ether extraction of the 
alcohol-soluble fraction. Part of the dry matter and all of 
the nitrogen, non-protein nitrogen, reducing sugar, cyanide, 
saponin and fat determinations were conducted under the super­
vision of either Professor Lester Yoder or Dr. R. S. Allen. 
Results 
Extract properties. Cyanide was found In small quan­
tities in Ladlno clover extract but in rather large quantities 
in birdsfoot trefoil extract (see Table 17). Crude saponin was 
found in moderate quantities in Ladlno clover extract and in 
large quantities in alfalfa extract. Only a trace or no saponin 
was found in trefoil, brome grass and orchard grass extracts. 
Only alfalfa extract showed an appreciable vitro 
fermentation rate as measured by ingesta volume increase. 
A very small foam volume and 1/2 life was observed in the 
case of birdsfoot trefoil. Only a trace of foam could be 
produced in the Waring Blendor with trefoil extract, and 
dispersion was almost instantaneous. 
Table 17 
Properties of Various Fractions of Forage Extracts 
(Expsriraent 1, Phase 2) 
Foam TN NPN RS Fat CK Sac 
No, Vol 1/2L Vise Sgr 
Fr bch ST pH DM JL-S IVI Percent on dry matter basis 
^ 1; % 
Green alfalfa 
.78 11.7 1.41 18 18 16 1.08 1.041 
.18 7.9 1.75 0 1.643 
1 24 45.9 5   .  
2 5 47.3 5.41 6.4 0 .14 17 21 66 1 .02 1 .013 4 .83 
Av 46.2 5.70 10.5 1 .11 15 18 28 1 .07 1 .034 
Green Ladlno clover 
1 3 46,0 5.87 11.4 0 .71 5 18 30 1 .05 1 .032 
2 2 45-0 5.60 9.2 0 .04 0 19 5 1 .03 1 .029 3 .15 
Av 45.6 5,76 10.3 0 .37 2. 5 18 18 1 .04 1 .031 
Green brorae grass 
1 y 48.4 5.SB 9.4 0 .19 1. 3 20 23 1 .00 1 .032 
2 3 .12 
Green orchard grass 
1 1 44.5 5.65 15.0 0 .35 10 12 4 1 .05 1 .052 
2 2 .66 
Green blrdsfoot trefoil 
1 1 50.0 5.75 8.3 0 .39 0 2 0 1 .00 1 .024 
2 2 51.9 5.63 6.4 0 .02 0 0 0 1 .00 1 .000 1 .66 
Av 51.2 5.67 7.0 0 .14 0 1 0 1 .00 1 .008 
Tr 
0.72 6.4 0.78 0 0 
Table 17 (Continued) 
No. Foam TN NPN RS Fat CN Sap 
Fr bc'n ST pH DM L-S IVI Vol 1/2L Vise Sgr 
% 1: % cc rain Percent on dry matter basis 
Cone alfalfa^ 
3 1 46.2 4.65 58.7 
4 1 48.5 5.35 Dry 
5 1 .2 5 .3-0 Dry 
Av 49.0 5.10 
Dehyd alfalTa 
6 4 48,6 5.38 Dry 
a 
Supplied by Western Condensing Company, Petalutna^ California. 
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Animal bloating trials. Many animals became 
accustomed to administration of large volumes of liquid, 
whereas other animals vomited extensively during the process 
of administration. Extensive vomiting always reduced the 
bloat severity. A similar observation was made by Hudson 
(103). 
Bloat severity ranged from none to extreme (see Tables 
18 and 19) with more constant bloating occurring on alfalfa 
extract and Ladino clover extract. However, bloat did 
occur on brome grass extract, orchard grass extract, con­
centrated alfalfa Juice, a water extract of alfalfa meal 
and dextrose solutions. No bloat could be produced by feed­
ing green alfalfa either chopped or long, by feeding expeller 
pulp or by administering warm water. Bloat in the case of 
orchard grass extract and a water extract of alfalfa meal 
occurred only if dextrose was added. 
In nearly all cases post-administrative rumen fluid 
surface tension and pH were altered from the rumen fluid 
values prior to administration toward the values of the 
administered forage extract. In most cases the change was 
downward inasmuch as surface tension and pH were lower in 
forage extracts than in pre-adralnistrative rumen fluid. 
Addition of dextrose to the extract pre-adrnlnistratively 
accentuated the pH decrease. Foam l/2 life was markedly 
different between pre- and post-administrative rumen fluid 
•Table 18 
Preliminary Animal Bloating Trials with Forage Extracts 
(Experiment Ij Phase 2) 
Poam 
Foam® Fr Add Age 
days 
Mo. BS Tox Dth 





Green alfalfa extract 
1 0 2 0 O 0 Fr 47.6 5.6 
Pre 57.1 6.45 
1 7 0.6 0 0 Fr 45.1 5.84 21 16 1.07 1.024 
Pre 54.4 7.06 14 14 1.03 0.990 
Post 0.7 51.1 6.35 15 224 1.02 0.995 
2+ 7 0.4- 1 1 Fr 45.7 5.8 





 51.5 6.49 
Dex 0 4 2.5 0 0 Fr 49.9 5.73 
Pre 53*2 5.91 
Post 3 44.1 4.55 
1 5 2.1 0 0 Fr 43*7 4.95 16 12 1*03 1*038 
Pre 52*5 6.88 11 10 1.05 0*992 





8  6  Fr 46.4 5*38 
Pre 50*8 6^20 





^Degree of foam is based on the same scale as employed for foam index (see glossary). 
Data shown represent averages of only those samples containing foam. 
Table l8 (Continued) 
Animal response 
Pr Add Age no. BS Tox Dth 
days 
Satno BSS ST pH 
Foata 
cc mln 
Vise Sgr Poara' 
1 2 3.0 0 0 Pr 48.0 5.8 1.04 1.024 
Pre 48.2 6.58 1.03 1.000 0.0 
Post 3.0 48.7 6.1 
So 
1.03 0.996 0.5 
2 + 1.5 0 0 Pr 43.3 5.0 21 1.00 1.011 
Pre 53.3 6.95 8 13 1.03 0.993 2,0 
Post 0.8 53.5 6.13 21 100 1.04 0.990 0.0 
2+ 1 1.0 0 0 Pr 46.6 4.55 1.01 1.036 
Pre 48.1 6.45 1.00 0.952 2,0 
Post 1.0 47.0 4.55 4 240 1.05 0.988 0.0 
52 1.0 9 7 Pr 46.3 5.41 19 29 1.03 1.027 





48.5 5.50 12 193 1.04 0.990 0.8 






 0 0 Pr 4 4 . 3  5.7 18 7 1.05 1.028 
Pre 53.6 7.18 14 167 1 .02 0.988 0  
Post 0.0 45.8 5.93 12 150 1.03 0.988 2 
2-}- 1 3.0 0 0 Pr 46.8 5.9 
Pre 53.1 6.95 
Post 3.0 55.3 6.75 
1 2 2.3 1 1 Pr 43.4 5.13 15 120 1.04 1.040 








 43.9 4 .32 10 133 1.04 1.005 0.0 
2+ 1 1.0 0  0 Pre 53.0 6.3 
Post 1.0  56.6  6 .1  
Table 18 (Continued) 
Pr Add Age 
days 
Animal response 
Samp BSS ST PH 
Foam 




Vise Sgr Foam® 





































































Green brorne grass extract 



































































Green orchard grass extract 





















Table l8 (Continued) 
Anitoal i»esponse Poara 
Pr Add Age jjo. BS Tox Vol l/2Ii Vise Sgr Poatn® 
days cc mln 
Cone alfalfa 
2 1.5 0 O Pr 46.4 4.70 1.05 
Pre 57.9 7.15 1.00 
Post 1.5 52.6 5.88 1.00 
2 2.8 0 O Pr 48,1 5.40 1.83 
Pre 57.4 7.15 1.00 
Post 2.0 49.3 6.1 1.00 
2 0,0 O O Pr 51.1 5.28 1.02 
Pre 52.1 7.23 1.00 
Post 0.0 52,1 6.90 1.00 
6 1.4 O O Pr 48.5 5.13 1.30 
Pre 55.8 7.18 1.00 



























Table l8 (Continued) 
Fr Add Age 
days 
Animal response 
Samp BSS ST pH Foam No. BS Tox Dth Vol 1/2L 
CG mln 
Vise Sgr Foam® 


































0 Fr 48.9 5.90 
C (water) 



















































Alfalfa Extract" Animal Bloating Trials and Bloat Prevention Trials 
(Experiment 1, Phase 2) 
Preventive RH Animal response 
Prod Rate No. BS Tox Dth 
Samp BSS ST 
Foam 
pH Tol Vise 
cc min 
Sgr Poara 
None(C) 3 0 .0 0 0 Pr 46.3 5.77 18 22 1.07 1.034 
Pre 56.3 7.08 11 34 1.06 0.965 2.5 
Post 0.0 46.8 5.78 17 44 1.040 0.0 
2 1 .3 0 0 Fr 45,2 5.78 17 20 1.09 1.032 
Pre 54.0 7.13 15 7 1.07 0.996 
Post 0.0 50.5 5.85 18 108 1.03 1.004 
4 2 .3 0 0 Fr 45.8 5.70 13 5 1.12 1.052 
Pre 55.2 7.20 13 7 1.07 0.993 
Post 2.3 47.5 5.63 15 41 1.06 1.007 
2 3 .0 0 0 Pr 46.7 5.83 19 23 1.09 1.028 
Pre 58.7 6.90 16 50 1.03 0.992 
Post 3.0 47.8 5.45 14 120 1.06 1.000 
3 4 .0 0 0 Pr 45.7 5.72 17 11 1.08 1,083 
Pre 56.5 7.37 14 18 1.06 0.996 0.0 
Post 4.0 48.0 5.60 14 84 1.06 1.011 1.0 
1 5 .0 Pr 47.1 5.65 18 34 1.08 1.032 
Pre 50.6 6.6-p 8 4 1.05 1.00 0.0 
Post 5.0 51.6 5.35 13 120 1.11 0.823 3.6 
2 0 .5 0 0 Fr 44,4 5.05 18 12 1.05 1.044 
Pre 50.8 6.95 15 55 1.07 0.986 1.0 
Post 0.0 52.7 6.03 17 67 1.05 0.996 0.0 
uo 
C O  
Administered fresh, pure green alf extract at the daily rate of 10^ body weight. 
^Degree of foam is based on same scale as employed for foam index (see glossary). Data 
shown represent averages of only samples containing foam. 
Table 19 (Continued) 
Preventive Animal response 
Samp BSS ST pH 
Fo^ra 
Vise Sgr Poatn® i\Ii 
Prod Rate No. BS Tox Dth vol CG Clin 
































































































































"^Ultrawet "K" supplied by Atlantic Refining Company, Philadelphia, Pennsylvania. 




Samp BSS ST PH 
Foam 
- Vise Sgr Poam^ 
Prod Rate No. BS Tox Dth cc mln 
6 AP 2 2 .8  0  0 Pr 
Pre 
Post 2 .8  
47.3 











1 .05  
1 .05  
1 .05  
1.044 
1 .000  
0 .980  















1 ,08  
1 .06  
1 .06  
1 .060  
0 .992  
1 .003  
Summary for 
preventives 















1 .10  
1 .07  
1 .06  
1.052 
0o992  
1 .002  
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samples. Although post-administrative samples appeared no 
more foamy than pre-administrative samples, in all cases 
the foam was much more persistent in post-administrative 
samples. The only difference observed between pre- and 
post-administrative samples in viscosity and specific gravity 
was slight change toward these values in the extract employed. 
Bloat occurred with alfalfa extract regardless of 
field location, growth stage or batch properties (see 
Table 20). In most cases death did not occur unless dextrose 
was incorporated into the extract pre-administratively 
(except with birdsfoot trefoil extract). 
Bloat prevention trials. Neither Ultrawet "K" nor 
cholesterol were effective in reducing bloat when added to 
alfalfa extract pre-administratively at the various dosage 
levels and with the methods of preparation employed. Like­
wise, none of the measured properties of forage extract 
or rumen fluid samples were noticeably altered by addition 
of either product. However, it was determined, by the method 
of Walter ^  al^. (223) that the procedure employed in pre­
paring an aqueous suspension of cholesterol did result in the 
precipitation of any alfalfa extract crude saponins which 
are precipitable. 
Animal toxicity trials. The toxic effects of 
birdsfoot trefoil observed in the present study are in accord 
with observations at Kentucky (120). The extract was toxic 
at rates ranging from 1.3 to 4^ of body weight. The only 
Table 20 
Comparison of Severity of Forage Extract Type Bloat with Forage Type, Field Location, 
Growth Stage and Batch Extract Properties 
(Experiment 1, Phase 2) 
Bch 
Animal response Sap CN TN NPN RS Fat 
Pld GS 
No. BS Tox Dth Percent on dry matter basis 
Green alfalfa 
1 PB 2 4 1.^ 0 0 1-447 0 3.99 2.24 4.74 0 .17  
12 6  2.3 0 0 3.052 0 5.18 0 .69  11.00 3.60 
10 2.0 0 0 2.250 0 4.59 1.47 7.87 1 .89  
EB 13 4 3.0 1 1® 1.856 0 5.71 1.03 8.35 
B 1 1 0 0 0 1 .067  0 2 .89  1.10 4.94 0 .78  
14 4 2.0 0 0  1.824 0 4.24 0,76 8.40 3.51 
15 3 2.3 0 0 0.806 0 4.80 1.15 6.94 1.37 
8 1.9 0 0  1 .232  0 3.98 1 .00  6 .76  1 .89  
22 2.1 1 1 1.675 0 4.47 1 .16  7.40 1 .89  
2  Nev# 8 4 2.3 0 
a 
1 2 .991  0 5.12 1.14 11.30 2 .60  
PB 10 2 1.5 0 0 3.069 0 5.23 0 .96  11.70 1 .82  
16 3 1-5 0 0 0 .932  0  6 .27  1.35 6 .91  0 .72  
5 1.5 0 0 2.000 0 5.75 1.16 9.31 1 .27  
Dextrose vjas added to the extract. 
Table 20 (Continued) 
Animal response 
Fid GS Bch Sap CN TN NPN RS Fa t 
No, BS Tox Dth Percent on dry matter basis 
B 17 4 2 .1  0 0 2.054 0 4.85 1 .03  4.91 0.93 
18 3.0 0 0 0.598 0 6 .31  1.52 7 .62  1.76 
19 4 2 .1  1 0 1.544 0 4.52 1.14 7.49 1.31 
20 4 1.6 0 0 1.820 0 4,29 0.86 10 .26  2,46 
15 2.2 1 0 1.504 0 4.99 1.14 7.57 1.62 
24 2.0 1  1  1.858 0 5.23 1,14 8 .60  1.66 
3 B 4 4 1.5 0 0 1.155 0 4 , 2 9  1.73 7.78 0.68 
it- B 21 7 3.0 0 0 1.973 0 4.78 0.99 5.91 2.79 
Summary alfalfa 57 2.1 2  2 1.752 0 4 .82  1 .17  7.75 1.82 
Green Ladlno clover 
1  LB 7 5 0.3 0  0  0  0  3.35 0 .89  18 .2  1 .25  
9 3 2 ,0  1  1^  0 .653  0 .010  2.94 1 .06  9.8 0-86  
Summary Ladlno 8 0 .9  1 1 0 .327  0 .005  3.15 0 .98  14.0 1 .06  
Table 20 (Continued) 
Animal response 
Pld GS Beh Sap CN TN NPN RS Pat 
No. BS Tox Dth Percent on dry matter basis 
Green brome grass 
IB 5 3 0.7 0 0 0 0 3.92 1.76 18.8 1.27 
6 1.6 0 0 0 0 2.32 0.91 15.^5 0.92 
Summary brome gjrass 7 1.2 0 0 0 O 3.12 1.34 17.13 1,10 
Green orchard Ki'ass 
1 Old 11 1 3 0 0 0 0 2.66 0.72 6.36 0.78 
Green birdsfoot treToll 
1 Mix 3 10 0 10 1 Tr 0.316 1.66 l.l8 6.20 1.01 
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noticeable differences between low and high rates were in 
severity and rapidity of development of clinical symptoms. 
In all trials with trefoil extract fraction 1, it was 
necessary to employ therapy to save the animal. Moreover, 
in one case at the higher extract dosage rate therapy failed 
to save the animal even though antidote (Thio-Nitrite) was 
administered at double the recommended dosage level. How­
ever, therapy was purposely delayed in this instance to allow 
studying of symptoms in late toxicity stages. Conversely, 
in 1 case with extraction fraction 2 the animal lived 
with no antidote being necessary. No toxicity was observed 
in animals fed green birdsfoot trefoil plant or given chopped, 
green plant via fistula. 
Both antidotes employed (crystalline sodium thiosulfate 
and Thio-Nitrite) were effective in all cases when adminis­
tered promptly following appearance of toxic symptoms. The 
antidotes were effective both when administered in the extract 
or when given intravenously after the appearance of toxic 
symptoms (see Table 21). 
No blood cyanide was found in rumen fluid prior to 
administration of birdsfoot trefoil extract (except trace 
amounts in 2 instances). However, blood cyanide was present 
after extract administration. The level invariably increased 
proprietary preparation containing 2.% sodium nitrite, 30^ 
sodium thiosulfate, 5^ propylene glycol and buffered re­
distilled water q.s. 
Table 
Animal Toxicity Trials with 
(Experiment 
21 
Birdsfoot Trefoil Extract 
1, Phase 2)  
Plant data Animal data 




Animal response Therapy Blood CN /ml 
No. Tox Kd Dth Pre 
min PKd Prod minutes 
rain 2  11  19  
Post treatment 
60+ 
1 2  4021 4.5 2 0 1 NaSO 0 
25  2 4155 4.5 4 0 2 Thio 0 5.2 
28 1. 3 3821 3.5 5 0 3 Thlo 0 6.2 
32 2  3821 3.5 19 0 1 Thio 0 Tr 
32 2 4155 4.0 3 0 2 Thlo 0 0 
54 4 4155 5.0 9 0  3 Thio 0.05 0.33 0 .81  1.9 0.12 
54 4 4091 5 .0 8 1  6 Thio 0.07 0.79 1.12 2.54 0.60 
32 2. 5 7 4.3 7.1 1 3 0 .02  2 ,09  0.97 2.22 1,36 
1  2 NaSO 1/7® 4020 1  0 
54 4 Thlo 1/5^ 4116 0  0 0.02 0.11 0.72 0.99 0.04 









4 2 4020 3 0 
28  2 4155 4.5 3 0 1 Thlo 0 3.10 


















®One pound of Na2S203 crystals for each 7 lt> of extract adm 
^One CO of Thio-Nitrlte for each 5 lb bw 
•^Introduced via fistula at the rate of 3^ few 
Table 21 (Continued) 
Plant data Animal data 
Fr Age Dose Antidote Animal responGe Therapy Blood CI'. r_ZSl 
pTTiri rar<=> No. Tgx Kd Dth PKd Prod Post treatment 
% bw min mln p ^ 
Summary 
Extract only adm; 
22 2.5 12 3.1 6,6 1 2.4 0.02 2.23 0.97 2.22 1.36 
Extract plus antidote adm; 
20 2.7 3 0.3 O 0.02 O.ll 0.72 0.99 0.04 
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during the first 19 (approximately) minutes post-administra­
tively but was decreasing at 60 minutes post-administratively 
except in one individual which died (see Table 21). In this 
animal the cyanide level was still rising at death. A 
similar blood cyanide pattern occurred with animals which 
had been given antidote pre-administratively and never 
showed toxic symptoms. In these individuals some blood 
cyanide was still detected after 4 days. Unfortunately^ 
analyses of blood cyanide level were not made in the animals 
not given antidote pre-administratively. 
Discussion 
Forage types and sources. In forage extract trials 
it may be desirable to limit forage source to 1 field, 
thereby eliminating a variable. However, in this research, 
due to the great number of alfalfa extract batches and animal 
trials, it vjas necessary to employ several alfalfa fields in 
order to find sufficient high quality forage. More extract 
from the other types of forage would have been made, but 
additional suitable forage was not available. With alfalfa 
extract it is interesting to note that bloat occurred 
irrespective of field location or growth stage. Some bloat 
also occurred with alfalfa raised in other states {alfalfa 
meal and the Western Condensing products). Therefore, field 
location may not be an important variable in the case of bloat 
on alfalfa, even though it has been proposed (4,94) that bloat 
incidence varies with soil type. 
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Extract fractions and storage. Although some bloat 
did occur with stored material, the most consistent bloat 
resulted from administration of fresh alfalfa extract. 
Inasmuch as the only suitable method available for obtaining 
large quantities of fraction 2 was by gravity filtration, 
which required several days, a comparison of bloat production 
between alfalfa extract fractions 1 and 2, while fresh, was 
not possible under the conditions of this experiment. 
Unsuccessful methods employed to quickly fractionate the 
whole Juice included super centrifugatlon, suction filtration 
and pressure filtration. In all cases the equipment was 
quickly plugged with a nearly impervious sludge from the 
extract. Decreased bloat which resulted with stale extract 
could not be attributed to grossly detectable decomposition. 
At least, storage at 35"? appeared to provide adequate pre­
servation. However, only visual comparisons were made between 
fresh and stored extract. 
Animal bloating trials. A typical case of bloat 
resulting from administration of forage extracts is shown 
in Figure 15. This animal received alfalfa extract at the 
rate of 10^ of body weight, and bloat occurred about 4 hours 
afterward. Speed with which bloat appeared following extract 
administration was highly variable among animals, ranging from 
1/2 to 6 hours. Duration of bloat was also highly variable, 
with little apparent relation between duration and severity. 
FIGURE 15 
A Typical Case of Bloat Subsequent to the Administration of 
Forage Extract. 
(.Experiment 1, Phase 2) 
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Bloat duration varied from 1/2 to 24 hours. Although the 
animal in Figure 15 is only moderately bloated, all degrees 
of severity were experienced. As a matter oi"" fact, some 
individuals bloated severely and could not be saved regard­
less of therapeutics employed. Some individuals died as 
the result of extreme abdominal dilatation, whereas others 
died apparently from a toxic condition and often were not 
dangerously distended. In all fatal cases, including both 
animals exhibiting toxic symptoms with only mild to moderate 
bloat and animals with greatly distended abdomens, the rumen 
pH was found to be approximately 4.8. Hungate (109) indi­
cated that a rumen pH that low is due to fermentation by 
S. bovis which grows extremely fast. No bacteriological 
studies were made to determine species of microorganisms 
present in this research. However, perhaps differences 
existed between the 2 types of bloat seen since great diff­
erences in gas quantity occurred. 
According to Mead (139) the feeding of concentrates 
prior to pasture Increases rate of development of bloat. 
Similar observations were made in this experiment when animals 
were not fasted pre-administratively, 
The addition of dextrose was discontinued after fatal 
bloat occurred following administration of only water and 
dextrose. Bloat may have resulted from the bacterial fermen­
tation due to the excellent substrate. However, it should 
be pointed out that this animal was given a massive dose of 
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both dextrose and water, and the abdomen was seriously dis­
tended even before bloat became evident. With other animals 
given massive doses of dextrose and water no death occurredj 
however, in these cases overload was less serious. The 
bloat occurring with orchard grass and a water extract of 
alfalfa meal possibly could be attributed to the dextrose 
which was added; however, other factors may have been 
equally etiological inasmuch as bloat also occurred follow­
ing administration of brome grass extract with no dextrose 
added (see Table l8). Therefore, conclusions are difficult 
to draw from the data in regard to etiology of bloat occurring 
on these forages which ordinarily are not considered to be 
bloat-provocative. 
It was surprising how much dextrose could be tolerated 
by cattle. Over 12 pounds were administered in a forage 
extract without death or serious malaise. Some doses as high 
as 100 pounds of forage extract plus 15 pounds of dextrose 
for animals weighing between 650 and 750 pounds were tolerated. 
Holmes (lOl) reported the administration of 25 pounds of 
sugar within 3 days to a Shorthorn cow without producing 
death. Conversely, many animals in this experiment (includ­
ing six goats which died in initial trials) may have died 
due to pathology resulting from excess quantities of dextrose. 
Many investigators have observed that excess quantities of 
glucose are toxic. Hoflund, Quln and Clark (98) reported that 
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sugar in large amounts depressed cellulose digestion, and 
other investigators (100,197) have reported that high blood 
sugar levels in ruminants are toxic. 
The extreme increase in foara 1/2 life, which was 
observed in rumen fluid drawn post-adralnistratively vfhile 
bloat was still evident, concurrent with no visible increase 
in foam volume may be associated with the bloat syndrome 
etiologically. It is interesting to note that foam 1/2 life 
increase during bloat, as observed here, was in agreement 
with results obtained during the pasture bloat trial. 
Nevertheless, disagreement occurred in regard to other ruraen 
fluid properties, which were apparently slightly affected 
in the case of forage extract bloat but markedly altered 
in the case of pasture bloat. From these results, in addi­
tion to clinical observations, it is quite evident that 
alfalfa extract bloat and alfalfa pasture bloat in this 
research had separate characteristics and apparently involved 
2 different syndromes. 
Bloat prevention trials. Cholesterol was employed 
as a possible bloat preventive because of its known action 
in precipitating saponins (223)• Peterson was able to counter­
act the chick growth depressing action of alfalfa meal by 
adding cholesterol to the basal diet (175). Apparently its 
failure to prevent bloat in this experiment was not due to 
technique of administration inasmuch as the aqueous emulsion, 
which was employed as the means of introducing the cholesterol 
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to the extract to be administered, did succeed in precipitat­
ing the cholesterol precipitable saponins from the extract 
(see Procedure), This may indicate that saponins are only 
partly (or not at all) involved etiologically in the forage 
extract bloat syndrome. Hovjever, investigation of cholesterol 
as a bloat-preventive is still in progress, and conclusions 
should not be drawn at present. 
It Is Interesting to note that Ultrawet "K" apparently 
was effective in reducing green forage bloat on alfalfa 
pasture but essentially ineffective against alfalfa extract 
bloat. The reason may lie in the rumen fluid property 
differences already discussed. 
Animal toxicity trials. Inasmuch as only low 
dosage levels could be employed without killing cattle it 
seemed impossible to determine whether bloat could be produced 
with blrdsfoot trefoil extract. With other forage extracts 
the dosage level had to be at least 7 1/2^ of body weight 
to produce much bloat, whereas with blrdsfoot trefoil levels 
of 2^ of body weight were fatal. The possibility of 
administering higher dosage levels by adding antidote to 
the extract was not explored in this experiment. By this 
procedure one might be able to administer enough trefoil 
extract to determine if it is bloat-provocative, although 
mild cyanide symptoms were noted occasionally at the 2^ 
body weight level even though antidote was used. 
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Packing the rumen via fistula with green, chopped 
trefoil produced neither bloat nor visible toxicity. How­
ever, an amount equal to only 3^ of body weight could be 
administered because no more could be packed in. This 
amount probably is less than the maximum which could be 
ingested during a short period of grazing. Perhaps clinical 
symptoms of cyanosis were not observed following fistula 
introduction of the green, entire plant because of slower 
availability of hydrocyanic acid in the trefoil extract 
for absorption. Whether a pure stand of the forage can be 
safely grazed has not been determined in this experiment but 
is a rather pertinent ramification considering present 
recommendations for planting trefoil pastures. 
Inspection of the data in Table 21 emphasizes the value 
of hydrocyanic acid antidotes. Both sodium thiosulfate 
crystals and Thio-Nitrite were highly effective when 
administered either via the extract or by intravenous injec­
tion. As indicated in Table 21, prophylactic administration 
of antidotes prevented clinical symptoms of cyanosis; more­
over, except for mild symptoms in a few cases. Individuals 
appeared perfectly normal and unaffected by the extract 
cyanide. 
The appearance of blood cyanide at relatively high levels, 
which occurred both with and without antidote, is difficult 
to explain. This occurred regardless of whether the antidote 
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was given before or after extract administration and was 
apparently unrelated to clinical response (see Table 21). 
However, the blood cyanide level at approximately 19 
minutes subsequent to oral administration of birdsfoot tre­
foil extract was considerably lower in the animal given 
antidote prior to administration of the extract than in 
animals not so treated. Therefore, possibly the quantity 
of antidote given was sufficient to only reduce the cyanide 
to a sub-clinical level. Admittedly, the number of blood 
cyanide analyses was small, and additional data would be 
desirable prior to drawing conclusions. 
Feed-lot Type Bloat 
Phase 1. Intact animals 
Procedure 
Animals. Steers of several dairy breeds ranging 
in age from approximately 3 to 12 months were employed. 
However, experimental rations assigned to the youngest calves 
were fed sufficiently long to assure ration data after the 
rumen was fairly well developed. 
Bloat-provocative rations. Forty-seven different 
feed-lot rations were employed to test bloat provocation. 
Nearly every ration was fed at least 2 weeks, and promising 
ones were fed much longer. Several animals were employed 
on the promising rations. All 47 rations are listed by 
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designation and composition in Table 22. They were syste­
matically named according to the symbols listed in the 
legend for Table 22, so that the name both quantitatively 
and qualitatively describes the Ingredients. 
Two basic rations were employed. One (ration l) was 
basically a high corn ration and contained approximately 
3/^ corn and 1/4 soybean ollmeal plus a mineral and vitamin 
mixture. The other (ration 29) was basically a high sugar 
ration. It was similar to ration 1 except part of the corn 
was replaced by dextrose. All other rations were modifica­
tions of these two. 
Rations were mixed in either single or double batch 
lots, a batch being the ration total specified in Table 22. 
This arrangement resulted in each lot lasting from 1 to 2 
weeks. Mixing was accomplished by hand by first intermixing 
the micro-quantity ingredients with a small quantity of the 
grains, followed by thorough intermixing of all Ingredients. 
Mixed rations were stored in 50 gallon drums (top end open) 
which were unmistakably labeled. 
Feeding and management. With young calves first 
introduced to the experiment transitional feeding from milk 
to feed-lot ration extended over approximately 1 week. How­
ever, as later changes were made from one experimental ration 
to another such precaution was necessary only when changing 
to a new ration which was considerably different from the 
previous one. No major dietary errors due to changing 
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Legend for Table 22: Peed Lot Experimental Bloat Rations 
Symbol Meaning 
B Prefix meaning bloat ration 
X Vitamin A supplement omitted 
P Fed to fistulated animals 
1 Basic concentrate mixture 
2 Basic concentrate-sugar mixture 
3 Urea 
4 SodiuiTi sulfate 
5 Calcium acetate 
6 Sodium carbonate 
7 Untoasted soybean oilmeal 
8 U.S.D.A, ration mimicked 
9 Methionine 
10 Cracked soybeans (Blackhawk variety) 
11 Soybean oilmeal plus crude soybean oil 
12 Oats substituted for corn 
50 Dehydrated alfalfa 
51 Dehydrated clover (Ladino) 
52 Dehydrated grasses (cereal) 
53 Alfalfa hay, baled 
54 Alfalfa hay, chopped 
55 Alfalfa, green 
56 Alfalfa, green (chopped) 
R Rumella powder 
T Tympanol powder 
C Cholesterol 
Lower case letters indicate relative changes (quantitatively) 
in the ingredients. 
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Table 22 
Feed Lot Experimental Bloat-provocative Rations 
(Experiment 2, Phase l) 
The following mineral-vitamin mixture is common to all ratiore 
except those marked with an asterick 
Dicalciura phosphate 1.0 
Calcium carbonate 1.0 
Sodium chloride 1.0 
Irradiated yeast (9000 lU/Gm) 0.1 
Vitamin A supplement 0.3 
(5000 lU/Gm) 
3.4 lb 
No. Designation Composition lb 
1 B1 Corn 70.0 
Soybean oilmeal 26.6 
Min-vit 3.4 
100.0 
2 Bl-4 Ration B1 99.0 
Sodium sulfate 1.0 
100.0 
3 Bl-3-5* Corn 70.0 
Soybean oilmeal 26.6 
Dicalciura phosphate 1.0 
Calcium acetate 3-0 
Sodium chloride 1.0 
Irradiated yeast 0.1 
Vitamin A supplement 0,3 
Urea 2.0 
104.0 
4 Bl-50 Ration B1 100.0 
Dehydrated a If 2^.0 
125.0 
5 Bl-55 Ration B1 ad libitum 
Green alf aB' libitum 
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Table 22 (Continued) 
No. Designation Composition lb 
6 Blb-50 Corn 80.0 
Soybean ollmeal 16.6 
Mln-vlt 3.^ 
Dehydrated alf 25.0 
125.0 
7 Blc-50 Corn 50.0 
Soybean oilmeal 36.6 
Min-vit 3.^ 
Dehydrated alf 25.0 
125.0 
8 Bid Corn 75.0 
Soybean ollmeal 21.6 
Min-vit 3.^ 
100.0 
9 xBld Same as Bid except no vitamin A supplement 
10 Bld-9 Ration Bid 100.0 
Methionine 3.0 
103.0 
11 Bld-50 Ration Bid 100.0 
Dehydrated alf 25.0 
125.0 
12 XBld-50 Same as Bld-50 except no vitamin A supple­
ment 
13 Bld-50c Ration Bid 100,0 
Dehydrated alf 35.0 
135.0 
14 XBld-51 Ration XBld 100.0 
Dehydrated clover 25.0 
125.0 
15 XBld-52 Ration XBld 100.0 
Dehydrated grasses 25.0 
125.0 
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Table 22 (Continued) 
No. Designation Composition lb 
16 Bld-53 Ration Bid ad libitum 
Alf hay, baled 3 lb/day 
17 Ble-50 Corn 50.0 
Soybean oilmeal 20.0 
Min-vit 3.4 
Dehydrated alf 25.0 
98.4 
Above ration is same as B2c-50 except 
dextrose is omitted 
18 Bl-6e-50 Ration B1 100.0 
Sodium carbonate 10.0 
Dehydrated alf 25.0 
135.0 
19 B7-3d-6d Corn 70.0 
Untoasted soybean oilmeal 26.6 




20 B7-2-50 Corn 50.0 
Untoasted soybean oilmeal 30.0 
Dextrose 16.6 
Min-vit 3.4 
Dehydrated alf 25.0 
125.0 
21 B7-2C-50 Corn 50.0 
Untoasted soybean oilmeal 20.0 
Dextrose 26.6 
Min-vit 3.4 
Dehydrated alf 25.0 
125.0 
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Table 22 (Continued) 
No. Designation Composition lb 
22 B7d-50 Corn 75.0 
Untoasted soybean oilmeal 21.6 
Min-vit 3.^ 
Dehydrated alf 25.0 
125.0 
23 B7-53 Corn 70.0 
Untoasted soybean oilmeal 26.6 
Min-vit 3.^ 
100.0 
Alf hay 3 lb/day 
2it B7-2C-53 Corn 50.0 




Alf hay 3 lb/day 
25 B7-5^ Ration B7 ^ libitum 
Alf hay, chopped 3 lb/day 
26 B7-3c-iVc- Ration B7 100.0 
6c-5^ Urea 5»0 
Sodium sulfate 3.0 
Sodium carbonate 6.0 
lU.O 
Alf hay, chopped 3 lb/day 
27 B8-9* Corn 78.3 
Soybean oilmeal 20.7 
Sodium chloride 1.0 
Methionine 3.0 
103.0 
28 B8-53 Ration BB 100.0 
Alf hay 3 lb/day 
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Table 22 (Gontlnueci) 
No. Designation Composition lb 
29 B2 Corn 50.0 




30 B2c Corn 50,0 




31 XB2c Same as B2c except no vitamin A supplement 
32 B2-50 Ration B2 100.0 
Dehydrated alf 25.0 
125.0 
33 B2C-50 Corn 65,0 
Soybean ollmeal 10.0 
Dextrose 21.6 
Min-vlt 3'4 
Dehydrated alf 25.0 
125.0 
34 B2C-50 Corn 50.0 
Soybean ollmeal 20.0 
Dextrose 26.6 
Min-vlt 3.4 
Dehydrated alf 25.0 
125.0 
35 XB2C-50 Same as B2c-50 except no vitamin A supple­
ment 
36 XB2C-51 Ration XB2c 100.0 
Dehydrated clover 25.0 
125.0 
37 XB2C-52 Ration XB2c 100.0 
Dehydrated grasses 25.0 
125.0 
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Table 22 (Continued) 
No, Designation Composition lb 
38 XB2C-53 Ration XB2c ^ libitum 
Alf hay 3 lb/day 
39 XB10-2C-50 Corn 50.0 
Ground soybeans 20.0 
Dextrose 26.6 
Min-vit 3.1 
Dehydrated alf 25.0 
I 2 k . l  
XB11-2C-50 Corn 50.0 
Soybean oiltneal I6.0 
Crude soybean oil 4.0 
Dextrose 26.6 
Min-vit 3.1 
Dehydrated alf 25.0 
124.7 
The crude soybean oil was added daily at 
the rate of 1 lb oil/30 lb ration 
4-1 XBllb-2c-50 Same as ration XBll-2c-50 except the crude 
soybean oil rate was doubled 
42 XBllc-2c-50 Same as ration XBll-2c-50 except the crude 
soybean oil rate was tripled 
43 XB12-2C-50 Oats 50.0 
Soybean oilmeal 20.0 
Dextrose 26.6 
Min-vit 3.1 
Dehydrated alf 25.0 
124.7 
44 XB2C-50-54 Ration XB2c-50 ad libitum 
Alf hay, chopped "T~lb73ay 
45 XB2c-50-54b Ration XB2c-50 libitum 
Alf hay, chopped 1 lb/day 
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Table 22 (Continued) 
No. Designation Composition lb 
46 B2-3-4-6-54 Ration B2 9^.0 
Urea 2.0 
Sodium sulfate 1.0 
Sodium carbonate 3.0 
ISO 
47 B2-3b-4b-6b-54 Ration B2 89.0 
Urea 4.0 
Sodium sulfate 2,0 
Sodium carbonate 5»0 
100.0 
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rations were observed. The effect of ration changes on the 
microflora was not determined, although Gall (78) reports 
that few qualitative differences occur in rumen microflora 
following changes in concentrate feeding. 
The ration assigned, together with water, were offered 
libitum, the containers being filled twice per day or 
more often as occasion demanded. The major part of the 
experiment was conducted in a new barn with tile walls, 
concrete floors and metal feed racks. Animals were housed 
individually in a metal pen with an expanded metal screen 
overlying concrete. Therefore, no edible material was 
available other than the assigned ration. Exceptions to 
this occurred during a portion of the experiment conducted 
in a barn wherein wooden feed boxes and walls provided 
"edible" material. All feed given was weighed and charged 
to the recipient in order to determine consumption per ration 
and per individual. 
The pens were washed down daily without removing the 
animals, and occasionally pens and equipment were disinfected. 
Animals were not exercised due to absence of an exercise lot 
void of edible material. 
Records and analyses. Feed consumption was recorded 
daily, but no record of water intake was kept. Upon assign­
ment to a new ration the weighback of the remaining previous 
ration was charged. Body weights were obtained weekly 
irrespective of ration. 
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Analyses were made ^  vitro for surface tension, pH 
and foam 1/2 life of all rations employed. Surface tension 
and pH were determined as explained in the Equipment and 
Methods section. However, Inasmuch as the material being 
analyzed was a solid, a different procedure was necessary 
for determining foam 1/2 life. In this case an artificial 
foam was produced by agitating 30 ml. of ration sample 
and 150 ml. of distilled water in a Waring Blendor for 2 
minutes. Immediately the product was transferred to a 25O 
ml. beaker after which both the limits and center of the foam 
column were indicated by marking pencil. By constant observa­
tion the time required for dispersion of 1/2 the foam was 
recorded and the total volume of the foam column determined. 
In Table 23 volume is expressed as inches in a 250 ml. 
beaker and 1/2 life is expressed in minutes. 
Clinical observations consisted of bloat incidence and 
severity (see Table 24), appetite and health status. Bloat 
observations were, for the most part, recorded at least 
twice daily on barn sheets. The same scale as employed in 
the other experiments was employed to denote severity (see 
Procedure, Pasture bloat). However, in this experiment 
palpation of the paralumbar fossa area could also be employed 
in evaluating severity. Also tympanometer readings were 
periodically taken and were recorded alongside the visual 
diagnoses to compare the 2 evaluation methods. 
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Rumen fluid samples were drawn weekly from all animals 
on all rations. Uniformity of collection day and hour was 
maintained as nearly as possible, some deviations being 
necessary due to (a) the animal being sick or off feed, 
(b) impending change in ration assignment, or (c) unavaila­
bility of personnel. With few exceptions samples were 
collected at approximately 10 A.M., transported to the labora­
tory in vacuum bottles and analyzed within 1 to 2 hours 
post-collection. However, collections were avoided during 
the transitional period resulting from a new ration assign­
ment, during which rumen ingesta contained both former and 
present rations. 
Rumen fluid sample analyses on bloat-provocative rations 
(see Tables 25 and 26) included surface tension, pH, viscosity 
and specific gravity. Visual observations included color, 
odor, consistency, degree of foam, particle suspension time 
and stratification. For analytical procedures see Equipment 
and Methods. For analyses determined on medicated rations 
see Ration medication. 
Ration medication. One of the more successful 
experimental bloat-provocative rations (XB2c-50) was employed 
as the basic ration in a trial designed to evaluate effective­
ness of various bloat preventives. The medicated rations, 
their ^  vitro properties and clinical effectiveness are shown 
in Tables 27, 28 and 29, respectively. Additions of each 
preventive to the basic bloat-provocative ration were made 
at various dosage levels. In the cases employing proprietary 
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Table 23 
In Vitro Properties of Bloat-provocative Rations 
(Experiment 2^ Phase l) 
Foam 
tion ST pH Vol 1/2L 
inches min 
1 37,1 6.25 0.75 59 
2 36.3 6.20 0.75 28 
3 49.2 8.35 0.75 56 
4 39.1 5.85 0.75 148 
^a 37.1 6.25 0.75 59 
6 41.6 5.80 0.50 149 
7 38.9 6.15 0.38 200 
8 40.3 6.25 0.50 29 
9 43.8 6.45 0.50 10 
10 43.6 6.35 0.35 17 
11 41.0 6.05 0.38 150 
12 42.5 5.90 0.45 120 
13 39.3 5.85 0.33 150 
14 43.7 6.00 0.10 120 
15 43.7 6.15 0.20 120 
16® 40.3 6.25 0,50 29 
17 38.7 5.80 0.33 150 
18 38.7 9.65 0,63 8 
19 50.4 9.70 0,88 10 
20 47.2 6.00 0.38 24 
21 46.9 6.70 0.33 25 
22 39.2 5.80 0.33 150 
23^ 42.1 6.35 0.30 5 
24a 42.1 6.35 0.75 6 
25a 42.1 6.35 0.30 5 
26^ 48.1 9o55 0.88 6 
42.4 6.25 0.45 11 
28^ 38,8 6.25 0.50 9 
29 38,9 6.25 0.75 122 
30 ^3.3 6.45 0.38 15 
^Roughage portion of ration omitted as concentrate:roughage 
ratio consumed was unknown. 
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Table 23 (Continued) 
Foam 
Ration ST pH Vol 1/2L 
Inches rain 
31 41.6 6.70 0.55 19 
32 43.2 5.90 0.75 75 
33 44.4 5.90 0.50 169 
3^ 45.6 6.65 0.63 94 
35 46,3 6.15 0.45 120 
36 41.6 6.10 0,30 120 
37 40.7 6.30 0.45 120 
38a 41.6 6.70 0.55 19 
39 48.8 5.95 0.90 40 
ko 40.5 5.85 0.30 63 
41 43.5 5.85 0.25 16 
42 39.6 6.55 0.75 8 
43 40.2 6.05 0.40 87 
44a 46.3 6.15 0.45 120 
45® 46.3 6.15 0.45 120 
46^ 35.4 9.20 0.75 5 
47® 34.0 9.70 0.88 53 
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methyl silicone type defoaming agents the ration medication 
levels employed consisted of (a) 0.2^ of the ration (which 
is more liberal than the prophylactic level recommended by 
the manufacturers) and (b) double that level. In the case 
of cholesterol the level employed was 2^ grams per day (50 
grams daily per 1000 pounds of body weight). This amount 
equals approximately 0,5^ of 10 pounds of ration (which was 
approximately the daily consumption expected). The level 
of cholesterol was arrived at by considering the level 
(0.5^ of ration) which was effective against the chick 
growth inhibiting factor in alfalfa meal (175). 
The experimental procedure employed with medicated 
rations was Identical to that employed for the rest of the 
experiment in regard to animals, feeding and management. 
Laboratory analyses were similar to those made on bloat-
provocative rations. The rations were analyzed 3^ vitro 
for surface tension, pH and foam 1/2 life (see Table 28), 
and rumen fluid from animals consuming the rations was analyzed 
for surface tension, pH, viscosity, specific gravity, liquid-
solid ratio and fermentation rate. Visual observations as 
noted on bloat-provocative rations were also made. 
Results 
Response to bloat-provocative rations. Of the 47 
rations employed bloat occurred with 26 (see Table 24). Most 
consistent bloat occurred on ration 35 (XB2c-50) if one 
considers numbers of animals employed in relation to bloat 
Table 24 
Animal Response to Bloat-provocative Rations 
(Experiment 2., Phase l) 
Initial Days on Bloat Weight Peed consumed 
T-No. 




days av lb lb 
1 4 60 69 0 0 1.3 2,5 
2 1 221 25 0 0 1.4 3.2 
3 1 266 28 0 0 -1.8 2.0 
4 1 132 28 21 1,6 1.17  2,3 
5 1 147 8 0 0 4.0 2.2 
6 1 149 25 28 1,0 2,8 3.6 
7 1 164 26 4 1 1.8 3.1 
8 1 222 41 0 0 1.8 2.6 
9 3 277 12 0 0 0.8 2.7 
10 1 270 22 0 0 -0 .3  1,8 
11 3 196 47 10 2,1 2.2 3.4 
12 7 230 31 4 1.1 2.1 3.1 
13 1 186 42 0 0 2.5 3.0 
14 3 285 26 13 2.4 1.8 3.0 
15 4 328 17 25 1.4 1,1 3.2 
16 1 229 41 0 0 2,1 2.8 
17 1 229 42 10 2 2.6 3.2 
18 1 247 9 0 0 -1.4 0.1 
19 1 148 18 0 0 -0.8 0.9  
20 1 254 34 0 0 ^.5 3.1 
Table 24 (Continued) 
Initial Days on Bloat V/eight Feed consumed 
Ration T-No ration Incid Sev change /lOO lb bw 
dally 
days % lb lb 
21 1  165 36 0 0 2.8 2,5 
22 1 202 42 0 0 2.8 2.8 
23 5 224 30 4 1 1.6  
24 4 228 8 1 2 
25 3 312 10 0 0 1,4 
26 3 313 16 0 0 -1.0 
27 1 233 23 0 0 -3.0 1.4 
28 1 192 41 0 0 3..5 3.1 
29 2 91 37 8 1.0 2.1 
30 1 192 37 27 1.9 3.8 3.4 
31 4 285 16 11 1.4 1.3 2.6 
32 3 182 22 13 1.1 1.6 1.7 
33 1 132 18 11 1.0 2.1 3.1 
34 3 161 30 15 1.5 2,7  3.7 
35 10 326 44 25 1.5 1.7  2.4 
36 3 305 21 11 1.4 2.5 3-3 
37 3 320 25 9 2.0 0.8 2,6  
38 4 237 6 0 0 
39 2 371 13 73 2.3 0.7 3.5 
40 1 502 8 100 2.6 0.0 
41 1 510 9 100 2.0 2.3 2.4 
42 1 519 3 100 1.3 2,0 1.4 
43 1 388 13 85 1.4 0.8 2.7  
44 2 456 7 85 1.5 1.9 1.7 
45 390 6 17 1.0 0.8 2.5 
46 232 5 0 0 2,2 
47 238 25 0 0 1.7 
Table 25 
Rumen Fluid Properties of Animals on Bloat-provocative Rations 
(Experiment 2^ Phase l) 
Ration 
No. 
samp BSS ST PH Vise Sgr PI CI 
1 3 0 47.9 6.45 0 1.7 
2 5 0 46.9 5.25 0 1.8 
3 5 0 52.6 6.30 0.4 1.2 
4 5 1.2 51.8 6.33 0.4 1.0 
5 1 O 54.2 6.60 2.0 1.0 
6 5 0.2 50.9 5.59 1.2 1.2 
7 3 0 49.3 5.40 0.7 1.0 
8 5 0 44.1 5.86 1.8 1.0 
9 7 0 47.9 6.07 1.23 0.976 0.8 1.0 
10 5 0 41,5 6.12 1.12 0,8 1.0 
11 17 0,6 46.2 5.58 1.6 1.1 
12 30 0.1 44.1 5.66 1.30 0.991 0,8 1.0 
13 H- O 41.9 5.50 0.3 1.0 
14 10 0.8 49.2 5.90 1.80 1.8 1.3 
15 8 0.6 48,7 6.34 1.13 1.6 1.0 
16 5 0 46,4 6,29 1.03 0 1.0 
17 4 1.0 48.4 5.83 1.0 1.0 
18 2 0 60.9 7.38 0 0.5 
19 3 0 60.5 7.05 1.3 0.7 
20 5 0 50.0 5.63 1.2 1.8 
21 5 0 42.9 5.09 1.6 1.6 
22 5 0 42.4 5.11 0.2 1.0 
23 15 0.1 51.0 6.22 0.5 1.3 
Table 25 (Continued) 
Ration No. 
samp 
BSS ST PH Vise Sgr FI CI 
25 5 0 5^.4 6.05  0,4 1.2 
26 8 0 56.4 6.86 0.9 1.0 
27 2 0 42.9 6.58  1.00 0 1.0 
28 5 0 41.4 5.58 1.10 0 1.0 
29 2 0 39.8 4.80 1.0 2,0 
30 5 1.2 42.8 5.25 1.8 1.6 
31 7 0,7 50.2 5.70 1.11 0.884 2.3 1.3 
32 13 0 46.9 5.40 0.3 1.2 
33 3 0 40.6 4,88 0.7 1.0 
34 13 0,2 45.4 5.49 1.8 1.3 
35 83 0.4 ^5.3 5.67 1,24 0.950 0.6 1.2 
36 9 0.1  48.1 5.98 1.13 1.4 1.1 
37 10 0.4 54.4 6.29  1,33 0-951 1.3  1.1 
38 4 0 58.0 6.81  0,5 0.8 
39 4 1.8 48.8 5.75 1,95 0.832 1.5 1.3 
40 1 4.0 58.5 6.25  1.47 0.762 3.0 1.0 
41 1 3.0 53.7 6.30  1 ,26  0 .823  2,0 1.0 
42 1 2.0 57.8 6.00 1.76  0 .782 3.0 1.0 
43 2 0 40.0 5.38 1.10  0 .988 0 1.0 
44 2 0 46.8 6.58  1 .07  0.97^ 0 1.0 
45 1 0 65.0  6.40 1.08  0 .923 2 .0  1.0 
46 2 0 52.3  6.75 0 1.0 
47 8 0 53.4 6,94 0.3 1.0 
Table 26 
Variation in Rutnen Fluid Properties of Animals Receiving Ration Number 35 
(Experiment 2, Phase l) 
Animal Samp BS BSS ST pH Vise Sgr PI CI 
3992 1 0 45.4 5.15 0 1 
2 1 45 .9 5.80  3 2 
3 0 49.4 5.85  1.22 3 1 
4 0 44.5 5.25 1.21 2 1 
Av 4 1.0 0.3 46.3 5.51 1.22 2.0 1.3 
4053 1 0 41.3 5.0 1.10 1 0 1 
2 1 39.7 5.25 1.07  1.002 0 1 
3 0 41.5 5.05 1.07  1.004 0 1 
4 o 41.2 5.25 1.22 1.008 1 1 
Av 4 2.0 0.3 40.9 5.14 1.09 1.004 0.3 1.0 
4051 1 0 56.6  6.45 1.49 0.884 2 1 
2 0 48.2 5.10 1,22 0.964 0 1 
3 0 45.4 5.85 1.12 0.884 2 2 
4 0 39.3 5.25 1.12 1 0 1 
5 0 37.2 5.30 1.11 1 0 1 
6 0 38.8  5.90 1.19 1 0 1 


















































Table 26 (Continued) 
BS BSS ST pH Vise Sgr FI 
0 41.9 5.20 1.08 1.012 0 
0 42,5 5.20 1.18 1.012 0 
0 38.7 5.35 1.07 1.004 0 
0 40.7 5.25 1.09 0.984 2 
0 38,5 5.05 1.04 1 0 
1 40.3 5.20 1.11 0.988 2 
0 39.3 5-00 1.10 1.004 0 
0 38.3 5.20 1.08 0.996 0 
0 38.1 5.25 1.08 0.996 0 
0.1 39.8 5.19 1.09 1.000 * 
o
 
0 39.8 5.90 1.10 0,984 0 
0 46.0 5.55 1.15 0.984 0 
0 41.0 6.00  1.23 0.960 0  
0 41.7 5.60 1.20 0.984 0 
0 50.3 6.20 1.18 0.976 1 
0 60.8 5.55 1.52 0.779 2 
0 40.9 5.65 1.18 0.988 0  
1 56.1 6.55 1.11 0.888 2 
0 58.7 6.35 2,30 0.827 2 
1 43.1 5.80 1.24 0.940 1 
0 53.2 6.80 1.03 0.980 0  
1 42.2 5.85 1.16 0.968 1 
2 39.3 5.55 1.23 0.903 1 
1 53.9 6.35 1.49 0.875 0 
o 53.0 6.65 1.23 0.899 2 
0 43.1 5.35 1.38 0.964 0 
1.1 0.4 47.7 5.98 1.30 0.931 0.8 
Table 26 (Continued) 
Animal Sarap BS BSS ST pH Vise Sgr PI CI 
4091 1 O 41.6 5.25 1.13 0.996 O 1 
2 0 45.4 5.70 l .l8 O.98O 0 1 
3 O 42.3 5.45 1.16 0.992 o 1 
4 1 39.5 5.75 1.09  1  0  1  
5 1 40.1 5.15 1-11 1 O 1 
6 O 39.3 5.25 1.08 1 0 1 
7 O 39.4 5.10 1.04 1 0 1 
8 1 40.6 5.20 1.02 0.996 O 1 
9 1 39.1 5.15 1.05 0.988 0 1 
10 O 39.0 5.15 1.08 0.996 O 1 
Av 10 1.1 0.4 40.6 5.32 1.11 0.995 0 1.0 
4068 1 39.8 5.55 1.07 1.068 O 1 
2 46.1 5.95 1.18 1.004 O 1 
3 45.4 5.65 1.10 1.004 O 1 
4 41.5 4.95 1.05 1 0 1 
5 1 40.0 5.25 1.05 1 0 1 
6 39.3 5.30 1.05 0.992 0 1 
7 1 39.2 5.90 1.05 1.004 O 2 
Av 7 1.5 0.3 41.6 5.65 1.08 1,010 O 1.1 
4003 A1 O 40.95.60 o 1  
2 O 51.4 6.50 o 1 
3 0 43.0 5.50 1.13 2 2 
4 O 44.6 6.05 1.12 2 1 
Sub Av 4 1.0 O 45.0 5.91 1.13 1.0 1.3 
Table 26 (Continued) 
Animal Samp BS BSS ST pH Vise Sgr FI CI 
4003 B 1 O 56.4 6.30  1 .68  0 .831 3 1 
2 O 48.8 6.05  1 .12  0 .952  0  1  
3 1 60.3 5.90 3.17 0.639 4 3 
4 O 43.2 5.50 1.17  0 .976  O 1 
Sub Av 4 1,7 0.3  52.2 5.94 1.79 0.850 1.8 1.5 
CI 1 49.5  5 .75  1 .58  0 .815 2  2  
2 2 48.2 5.35 1.43 0.908 2 2 
3 2 55.0 5.80 1.38  0.798 O 2 
4 1 53.0 5.95 1.46 0.843 3 2 
Sub Av 4 1.1 1.5 51.4 5.71 1.46 0.841 1.8 2.0 
Av 12 1.2 0,6 49.5 5.85 1.52 0.845 1.5 1.6 
3996 A 1 O 62.4  6 .50  1 ,67  0.775 2 2  
2 O 61.5  6.45 1.91 0.731 2 2 
3 O 50.2 6.55 1.06  0 .988  1 1 
4 1 62.3  6 .30  1 .46  0 .845 3 2 
Sub Av 4 2.1 0.3  59.1 6.45 1.53 0.848 2.0 1.8 
B 1 3 .0  3 56.3 6.65  1.32 0.875 3 2 
C 1 2 .6  2  57 .8  6 .01  1 .76  0 .782 3  2  
D 1 1 .5  4 58.3  6.45 2.00 0.835 2 1 
Av 7 2 .3  1.4 58.4 6.41 1.60  0 .833  2.4 1,7 
Table 26 (Continued) 
Animal Samp BS BSS ST pH Vise Sgr FI CI 
4084 1 O 40.86.1 1 1 O 1 
2 O 40.0 5.55 1-11 1 0 1 
3 O 40.2 5.15 1.11 1.008 O 1 
4 O 41.4 5.65 1.04 1 0 1 
5 O 39.5 5.45 I.05 1 0 1 
6 O 40.8 5.25 1.05 0.996 0 1 
7 0 39.4 5.25 1.05 1 0 1 
8 O 39.4 5.45 1.03 0.996 O 1 
Av 8 1,3  O 40.2 5.48 1.06  1.000 0 1.0 
Summary 83 1.5 0.4 45.3 5.6? 1.24 0.956 0.6 1,2 
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Table 27 
Prophylactic Medication of Feed Lot Experimental Rations 
(Experiment 2, Phase l) 
No. Designation Composition lb 
1 XB2C-50-R1 Ration XB2c-50 125.0 
Runiella powder 0.25 
125.25 
2 XB2C-50-R2 Ration XB2G-50 125.0 
Rutnella powder 0.5 
125.5 
3 XB2C-50-T1 Ration XB2c-50 125.0 
Tympanol powder 0.25 
125.25 
4 XB2C-50-T2 Ration XB2c-50 125.0 
Tytnpanol pdwder 0.5 
125.5 
5 XB2C-50-C2 Ration XB2c-50 ad libitum 
Cholesterol powder 24 gm/day 
(Given Ain and PM via capsule) 
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Table 28 
In Yltro Properties of Peed Lot Experimental Bloat-
provocatlve Rations to Which Prophylactic Medication Has Been 
Added 
(Experiment 2, Phase l) 











































Animal Response to Feed Lot Experimental Bloat-provocative Rations Which Have 
Been Prophylactically Medicated 
















/lOO lb bvj 
lb 





XB2C-50-R2 3 400 11 91 1.7 1.8 2.2 
XB2C-50-T1 3 379 15 75 1.9 0.6 2,2 





XB2C-50-G2 1 405 11 91 2.9 0 3.2 
Summary 
Rumella 6 439 34 65 1.9 1.7 2.4 
Tympanol 6 398 31 83 2.1 0.9 2.4 
Control 3 356 77 45 1.6 1.2  2.5 
Cholesterol 1 405 11 91 2.9 0 3.2 
Control 1 478 82 87  2.3 -0.3 1.9 
^Animals 3996, 4003, 4084 
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cases. However, the aniraal which most consistently bloated 
in this ration also consistently bloated on several other 
rations (see Figure l6). No marked differences were noted 
between ration 35 and other rations in regard to properties 
measured ^  vitro (see Table 23). Figure 17 shows an animal 
bloated while receiving this ration. However, this case is 
typical of all feed-lot type bloat produced or observed 
during this experiment. The inclusion of roughage seemed to 
result in more bloat. However, bloat occurrence with rations 
containing dehydrated cereal grasses was approximately equal 
to occurrence on rations (which were identical except) con­
taining dehydrated alfalfa or Ladino clover rather than 
grasses. Deletion or inclusion of vitamin A had no appreciable 
effect on bloat occurrence. The dextrose (an excellent 
fermentive medium) containing rations resulted only in a 
minor increase in bloat tendency as compared to non-dextrose 
containing rations. Several ingredients were employed in the 
rations to determine which, if any, were bloat-provoking, and 
the following results were obtained; All rations containing 
considerable quantities of urea (a source of ammonia), sodium 
sulfate (a source of sulfur), methionine (a source of ammonia 
and sulfur) and/or sodium carbonate (a source of basic ions) 
failed to produce bloat at any time. To study the role of 
soybean oilmeal in ration 35# which was bloating animals, 
substitution of ground soybeans (high in both oil and protein) 
or soybean oil for soybean oilmeal (high in protein) was 
PIGUFiE 16 
Influence of Ration Composition on Clinical Bloat Severity and 
Rumen Sample Foam Index of Dairy Aniraal 3996. 











8 14 16 37 30 35 Ri  R2 Tl  T2 C2 35 37 41 42 44 
RATION NO. 
FIGURE 17 
Dairy Animal 3996 in a Bloated Condition while on Peed-lot 
Experimental Bloat-provocative Ration 35. 
(Experiment 2, Phase l) 
681 
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made. In both cases little, if any, bloat reduction occurred 
as result of the substitution, except soybean oil at the 
highest level employed did decrease ration palatability, 
thus less feed was consumed and less bloat resulted. Though 
under different circumstances, Johns (115) noted a reduction 
In bloat due to consumption of oil. He sprayed peanut oil 
on forage for pasture bloat prophylaxis. Addition to ration 
35 of hay (to provide scabrous material) at low levels or 
substitution of oats for corn failed to decrease bloat. Oats 
was employed in substitution because many cases of bloat 
occur in Iowa cattle being fed oats, and it was desirable to 
compare the 2 grains. 
Rumen fluid samples from bloated animals differed in all 
measured properties when compared to samples obtained from non-
bloated animals. Surface tension, pH, viscosity and degree 
of foam changed directly and specific gravity inversely with 
bloat severity (see Figure l8). 
Response to medicated rations. No reduction in bloat 
severity or incidence occurred with the addition of prophylac­
tic levels (0.2^ and 0.4^ of ration) of Ruraella and Tyrapanol 
or addition of cholesterol (approximately 0.5^ of ration) 
to a bloat-provocative ration (see Table 29). Less foam 
existed in rumen fluid sarap-les drawn from animals consuming 
the bloat-provocative ration when it was medicated with 
Rumella or cholesterol than when non-medicated (see Table 30)• 
FIGURE 18 
Interrelationship of Clinical Bloat Severity and Rumen Fluid 
Properties on a Constant Ration. 
(Experiment 2, Phase l) 
LEGEND 
ANIMAL 4084 
"  3996 
"  4 003 
"  4046 
"  4091 
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Table 30 
Rumen Fluid Properties of Animals® on Peed Lot Experimental Bloat-provocatlve 
Rations Which Have Been Prophylactically Medicated 
(Experiment 2, Phase l) 






 PI CI 
XB2C-50-R1 10 0.7 51.5 5.78 1.27 0.912 13.4 70 0.6 1.2 
XB2C-50-R2 5 1 44.4 5.35 1.33 0.945 14.2 43 0.6 1.2 
XB2C-50-T1 6 1 48.7 5.78 1.35 0.911 13.6 70 1.2 1,2 
XB2C-50-T2 6 1.5 49,2 5.76 1.40 0.910 7.4 48 1.5 1.3 
XB2C-50-C2 2 1 57.1 6.33 1.54 0.909 1.5 1.5 
Summary 



















































^Animals 3996, 4003, 4084 
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However, no foam reduction was observed when the ration was 
medicated with Tympanol. 
Discussion 
Bloat-provocative rations and clinical response. 
Rations containing urea, sodium carbonatej, sodium sulfate 
or methionine were not very palatable, and in most instances 
daily feed consumption and weight gain were small on rations 
containing these compounds as compared to other rations. 
As indicated in Table 22, urea was tried at levels of 2, 4, 
5 and 6^ of ration; sodium sulfate at 1, 2 and 3^; sodium 
carbonate at 3) 5i 6, 7 and 10^ and methionine at 3^. In 
some instances several of these were incorporated into the 
same ration. With the rations containing the highest levels 
of these ingredients a daily weight loss usually occurred. 
Purthermoreji the ration containing 10^ sodium carbonate 
was nearly unpalatable. The logic in using each of these 
ingredients In an attempt to Induce bloat was as follows; 
urea and methionine as sources of ammonia, methionine and 
sodium sulfate as sources of sulfur and sodium sulfate and 
sodium carbonate as sources of basic ions^ all of which have 
been etiolotically connected with bloat in various theories. 
Whether these ingredients are bloat conducive but failed in 
these rations due to low palatabillty (thus low feed consump­
tion), or whether the theories are incorrect has not been 
determined by the results presented herein. However, as 
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these ingredients were increased percentagewise, feed con­
sumption decreased. Therefore, more suitable routes of ad­
ministration, by which significant quantities could be 
placed in the rumen, would be necessary to test the theories 
adequately. 
Animals thrived on all except the unpalatable rations, 
and, with the latter exception, feed consumption and weight 
gains were high. When introduced to a new ration the daily 
feed intake would gradually rise, in some cases reaching more 
than 4 pounds daily per 100 pounds body weight. However, 
total feed consumption was not a valid index of bloat occur­
rence, and some of the best feeders were the poorest bloaters. 
Occasionally daily feed consumption was reduced due to 
nutritional scouring on high dextrose rations. In such 
cases it was often necessary to cut back on feed and adminis­
ter astringents. 
Signs of depraved appetite were evident in general. 
Perhaps a lack of scabrous dietary material was the major 
factor for inducing such habits as chewing on inedible objects. 
A valid comparison of all rations in regard to bloat 
occurrence is difficult inasmuch as (a) less promising 
rations were assigned to only 1 animal and (b) individual 
bloat response was highly variable. Animal 399^ (see Figure 
17) bloated on nearly all rations fed (see Figure 16), 
although bloat severity was somewhat variable. This 
individual was thrice reassigned to ration 35 and responded 
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each tirae with consistent bloating, although variable in 
severity. In contrast, many individuals failed to bloat 
much on any ration, including ration 35 (see Table 26). 
Furthermore, bloat occurred sporadically in many animals. 
Although considerable feed-lot bloat was produced during 
the course of this experiment, ability to produce bloat at 
will cannot be claimed in spite of the large number of 
rations tried. The most effective ration (ration 35) would 
bloat certain Individuals at will but fail to bloat other 
individuals at all. This remains unexplained inasmuch as 
feed consumption and health status were similar and manage­
ment procedures were identical among the animals on a given 
ration. However, individual variations in tendency to bloat 
have been noted by several investigators (11^^,127,226), and 
explanations offered for these differences include (a) in­
herited differences in ability to properly digest feed, 
(b) anatomical anomalies and (c) variations in efficiency of 
eructation. 
At both Maryland (112) and Michigan (201) Agricultural 
Experiment Stations feed-lot rations have been successfully 
employed for producing bloat. The compositions of rations 
specifically mentioned in the literature as being employed 
at Maryland (112) and Michigan (201) are similar to rations 
11 and l6, respectively, as employed in the research presented 
herein (see Table 22), except the Maryland ration contained 
barley whereas ration 11 contained corn. However, in agreement 
197 
with observations made in the research presented herein, 
investigators at these institutions were able to produce 
bloat on several rations. The individual variations in 
tendency to bloat, as noted in the present research, were 
also reported by these investigators. 
Perhaps response to rations was affected by the age of 
animals when assigned. However, rumen development was far 
along prior to the use of any animal on this experiment (123). 
Furthermore, bloat response early in the experiment, when 
younger animals were being employed, was as great on the 
average as at any time during the experiment. 
Ration effect on rumen fluid. The direct relation­
ship of bloat severity to ruraen fluid sample surface tension, 
viscosity and degree of foam, together with the inverse 
relationship of bloat severity to specific gravity (see 
Figure l8) agree with results obtained in the pasture bloat 
experiment. However, pH was affected differently on the 2 
experiments, being higher in bloated animals than non-bloated 
animals in the case of feed-lot bloat. Results in feed-lot 
bloat differed from forage extract type bloat, however, inas­
much as pH, surface tension, viscosity, specific gravity 
and degree of foam were essentially unaffected by degree of 
bloat from forage extracts. This indicated that the 3 types 
of bloat are at least partially different and may even 
involve 3 different syndromes. 
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Inasmuch as the ^  vitro properties were similar in all 
the feed-lot rations (see Table 23)little difference between 
ration 35 and the other rations would be expected in regard 
to bloat-provocation or to ration effect on rumen fluid pro­
perties. Results in general were in agreement with this 
inference, and measured rumen fluid properties differed 
between non-bloated and bloated animals regardless of feed-lot 
ration assigned. Consequently, with more extensive trials 
perhaps other rations would have been considered as provoca­
tive as was ration 35, This would be logical inasmuch as 
experimental bloat-provocative feed-lot rations employed 
successfully at other institutions (112,201) differ in minor 
respects. Even if institutions used the same recipe the 
feed source would be different. 
Medicated rations and clinical response. The fail­
ure of methyl silicone type defoaming agents to affect 
feed-lot bloat incidence or severity (see Table 29) remains 
unexplained. Apparently insufficient quantities were con­
sumed to influence surface tension or degree of foam (with 1 
exception) as indicated in Table 30. Nevertheless, daily 
intake at the higher rate employed (see Table 2?) far 
exceeded the manufacturers' recommendations in regard to 
dosage levels (approximately 5 times as much). It is interest­
ing to note that comparable amounts of the 2 surface active 
agents employed markedly decreased surface tension ^  vitro 
in all cases (see Table 28), yet had little affect vivo. 
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This could mean that (a) recotnmended dosage levels of this 
type agent are too low to furnish optimum prophylactic 
protection against feed-lot type bloat or that (b) results 
of this experiment do not reflect the true picture. 
Admittedly the number of experimental animals was relatively 
small J however, trial lengths were probably adequate. It 
seems apparent that certain factors ^  vivo tend to counter­
act the surface tension reduction, and thus the effects in 
vivo are less prominent than effects vitro. 
Effect on foam volume is questionable inasmuch as little 
effect occurred i^ vitro (see Table 28) and little, if any, 
effect occurred ^  vivo with Tympanol. However, partial 
defoaming did occur with Rumella and Cholesterol (see Table 
30). It is difficult to correlate the partial foam reduction 
with the lack of reduction of bloat severity in the case of 
Rumella. One could either question the hypothesis relating 
bloat to foaminess of the ingesta in feed-lot type bloat or 
question the validity of these results in representing the 
true relationship. 
Cholesterol also failed to greatly reduce feed-lot bloat 
incidence or severity, although decrease in bloat severity 
did parallel the decrease in foam of rumen fluid samples when 
fed cholesterol (see Table 30). Admittedly, however, only 
limited trials were involved, and conclusions should not be 
drawn without further investigation. 
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Phase 2. Flstulated animals 
Procedure. Ruraen fistulae were placed in 1 steer at 
approximately 2 weeks of age and in 2 other steers at approxi­
mately 6 months of age, and the effects of various rations 
(see Table 31) on bloat occurrence or rumen fluid alterations 
were observed. Rumen fluid samples were withdrawn periodi­
cally for analyses. 
Types of fistula plugs used are shown in Figure 19. 
The wooden plugs were inserted approximately 2 weeks post­
operatively to facilitate enlarging the oval shaped fistulae 
to a size of about 4 by 5 inches. Subsequently, the pneumatic 
plugs were employed for a few months until leaks developed 
in the plugs, after which plastic plugs were used. 
Results. No bloat was produced with fistulated animals 
(see Table 32). However, a frothy mass existed in the ruraen, 
as evidenced by severe leakage around the fistula plug when­
ever the animals moved, when ration 35-P (XB2c-50) was fed. 
None of the plugs employed were satisfactory. Both 
wooden and plastic types allowed leakage of ruminal contents. 
The pneumatic type plugs were more nearly correct in size. 
In fact, they were so close-fitting that insertion of the plugs 
into the fistulae was difficult. Even so, some escape of 
ingesta from around these plugs occurred. Furthermore, 
irreparable air leaks in the pneumatic plugs quickly develop­
ed, and the plugs were useless. The life-span of the 
pneumatic plugs was approximately 3 months. 
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Table 31 
Peed Lot Experimental Bloat Rations 
(Experiment 2, Phase 2) 
No. Deslgna- Composition Rate 
tion 
1-P Milking herd concentrate mixture 8 lb/day 
fed twice 
Alf hay ad libitum 
Corn silage 13" iB'/day 
2-P Milking herd concentrate mixture 8 lb/day 
fed twice 
Alf hay ad libitum 
2-PM Milking herd concentrate mixture 8 lb/day 
fed twice 
Alf hay ad libitum 
Green soiled alf ^ libitum 
3-F Milking herd concentrate mixture 6 lb/day 
fed twice 
Alf hay ad libitum 
Grass silage lb/day 
4-F Milking herd concentrate mixture 6 lb/day 
fed twice 
Alf hay ad libitum 
Corn silage T5 lb/day 
35-P XB2C-50 Corn 50.0 lb 
Soybean ollmeal 20.0 
Dextrose 26.6 
Min-vit 3.1 
Dehydrated alf 25.0 
124,7 
ad libitum 
Composition of milking herd concentrate mixture 
Ground shelled corn 400 lb 
Crushed oats 500 
Wheat bran 200 
Soybean ollmeal 200 
Linseed ollmeal 100 
Bone meal 28 
Salt 15 (U.5^ digestible 
1443 protein) 
FIGURE 19 
Types of Fistula Plugs Employed. 
(Experiment 2, Phase 2) 
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Table 32 
Rumen Fluid Properties and Clinical Response of Fistulated Animals 
to Various Rations 






















































































































3 3 543 6 0 0 57.3 7.17 
Table 32 (Continued) 
j;j-Q Initial Days Bloat Rumen fluid 
Ration Anitnal samp O" Incid Sev (oral route) 
ration ST pH 
days av 
3821 3 674 55 0 0 55.9 7.35 
3893 3 496 55 0 0 56.0 7.13 
3903 3 478 55 0 0 57.6 7.27 
3 9 549 55 0 0 56,5 7.25 
3821 729 31 0 0 
3893 551 31 0 0 
3903 533 31 0 0 
3 604 31 0 0 
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Discussion. Probably bloat could have been produced if 
tight fitting fistula plugs had been used. The pneumatic 
plugs may have been satisfactorily tight fitting but were 
not usable due to having developed air leaks. The most 
satisfactory method to obtain a tight fitting plastic plug 
would be to prepare a plug pre-operatlvely, surgically 
provide an opening the same dimensions as the plug and 
suture the plug permanently 3^ situ Immediately after making 
the fistula. Such a permanent plug would require a plug 
center opening large enough to accommodate one's forearm. 
During a portion of the experiment, facilities to house 
without bedding were unavailable. Only during the feeding 
of ration 35-P were such facilities available. However, not 
until then was roughage restriction important inasmuch as 
all other rations employed with the fistulated animals con­
tained roughage. 
Chronic Type Bloat 
Procedure 
Animals. The majority of data was collected on 2 chronic 
bloating Hereford males, one a dwarf and the other normal 
size. They were used from approximately 6 to l8 months of 
age. Early in the experiment a third Hereford (non-bloating) 
was housed in the same area and employed as control. Addition­
al supporting data, not presented herein, included clinical 
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observations, treatment trials and rumen fluid analyses on 
various privately owned chronic bloating beef cattle as well 
as chronic bloating dairy cattle. The dairy cattle ranged 
from approximately 1 to 10 months of age. 
Feeding and management. The 2 chronic bloating Hereford 
males were housed and fed together. The basic ration 
employed is shown in Table 33. Feed and water were offered 
ad libitum. 
Bloat-preventive trials. A series of products were 
administered 1 at a time, via basic ration, by capsule or 
parenterally to note any effect on bloat incidence or 
severity, lu most instances both animals received the same 
product. However, with kerosene, turpentine, Rumella, tri-
sodium phosphate and Hallco defoamlng agent only 1 individual 
received treatment. 
Records and analyses. With few exceptions observations 
of bloat severity and incidence were made at least twice 
daily and were recorded on barn sheets. Evaluation of sever­
ity was by (a) observation, (b) palpation of the paralumbar 
fossa area and (c) during part of the experiment by tympanom-
eter measurements. The scale for appraisal of bloat severity, 
as explained in the Procedure section of Pasture bloat, like­
wise was employed in this experiment. The tympanometer was 
made in the Iowa State College Chemistry Shop according to 
the specifications of Klelber (125). A metric scale calibra­






Whole oats 30.0 
Cracked corn 30.0 
Soybean oilmeal 5.0 
Mineral mixture 0.5 
Alfalfa hay, chopped 30.0 
100.0 
Steamed bonemeal 30^ 
Limestone 30 
Sodium chloride 30 
Trace mineral mixture 10 
ICQ 








Calcium 27.2^0 (carrier) 
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specifjf the degree of bloat. 
Other observations included daily feed consumption 
and periodic body weights. Weekly body weights were not 
taken because of isolation requirements. Inasmuch as the 
feed bunk was shared daily^, feed consumed was charged half 
to each animal. 
Rumen fluid samples were drawn approximately weekly 
and the following observations and determinations made; 
surface tension, pH, viscosity, specific gravity and visual 
appearance. Color, odor^ degree of foam, particle suspension 
time and stratification were noted visually. 
Results 
Figure 20 illustrates the chronic bloat observed in this 
experiment. No therapeutic or prophylactic measures, as 
specified in Table 3^j were clearly effective in permanently 
decreasing either incidence or severity of chronic bloat 
(see Figure 21), nor did the use of scabrous feed alter the 
disorder. However, morbidity due to trauma did cause a 
reduction in feed consumption, thus decreasing bloat. 
With both Herefords no clear cut relationship could be 
determined between bloat severity and rumen fluid properties 
(see Figures 22 and 23). However, some correlation may have 
existed between degree of sample foaminess and bloat sever­
ity at the time of withdrawing the sample (see Table 35)o 
FIGURE 20 
Typical Bloat Occurring in Chronic Bloating No. 1 Hereford. 
(This case was rated as 4-.0 on an arbitrary scale increasing 
in severity from 0 to 5.) 
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Table 34 
Chronic Type Bloat; Influence of Plation Medication upon Bloat Incidence 
and Severity and Rumen Fluid Properties 
(Experiment 3) 
Ration raed No. Feed® Bloat response Rumen fluid 
Prod Daily Adm 
rate 
days cons Incid Sev No. BSS ST pH Vise Sgr 
lb/day ^ AM PM Av samp 
No, 1 Hereford 
Basic 26 9.7 62 0.5 3.2 1.8 14 3.0 53.7 7.10 
R1 8 cc cap 7 10.7 100 1.3 3.1 2.2 3 3.2 51.7 7.07 1 .00 
"K" 10 gm cap 7 11.4 86 1.7 2.8 2.3 3 2.7 48.8 6,47 1 .00 
Basic 56 9.9 70 l.O 2.5 1.7 11 1.4 52.0 6.90 1 .01 0 .998 
"K" 20 gm cap 11.8 63 1.6 2.2 1.9 1 0 45.0 7.45 1 .03 1 .000 
Basic 7^ 12.2 29 0 1.5 0.8 1 0 45.3 1 .10 0 .980 
Ru 100 cc oral 6^ 12.7 0 0 0 0 
Basic 16 13.5 100 1.9 2.5 2.2 1 1.0 40.7 5.90 1 .07 1 .000 
Choi 12 gm cap 11 11.7 100 2.2 2.8 2.5 1 3.0 52.5 7.15 1 .04 0 .996 
Choi 24 gm cap 10 9.7 90 1.9 4.0 2.9 1 5.0 51.2 7.05 1 .00 1 .000 
Basic 16 8.0 94 1.3 3.7 2.5 1 4,0 48.0 6.45 1 .01 0 .968 
Tet 5 mg/lb IV 2 8.0 100 2.0 3.5 2.8 
Basic 19 7.8 100 2.2 4.3 3.2 
Aur 2 rag/lb IV 5 10.2 100 2.0 3.4 2.7 1 2.0 43.7 6.20 1 .00 0 .996 
Basic 9 9.1 100 1.1 2.9 2,0 1 5.0 54,2 6.95 1 .00 0 .984 
Turp 3 oz milk 1 8.0 100 3.0 5.0 4.0 
Basic 5 10.0 100 0.2 2.4 1.3 
Dsol feed 17 11,6 100 1,2 2.4 1.8 2 0.5 48.8 6.38 1,  .00 0, .992 
^Approximate values; feed bunk was shared. 
^Morbidity due to palpebra trauma. 
'^Ratlo of distillers' dried solubles to the concentrate portion of the basic ration. 
Table 3^ (Continued) 
Ration med No, Peed® Bloat response Rutnen fluid 
Prod Daily 
rate 








ST pH Vise Sgr 
Basic 10 12.3 90 1.7 1.6 1.6 
Summary of basic ration 
164 10.0 79 1.0 2.3 1.7 29 2.3 52.1 6.95 1.02 0,994 
No. 2 Hereford 
Basic 4 13.2 100 2.3 3.3 2.8 Q 3.3 52,6 5.63 1.31 0.984 
Kero 20 cc cap 7 9.0 100 1.7 2.6 2.1 2 2.0 55^0 5.73 1.35 0.994 
Basic 6 10.6 100 1.3 3.7 2.5 1 0 51^6 5.90 1.40 0.948 
"K" 10 gni cap 7 12.4 100 1.3 2.6 1.9 2 1.5 50.2 5.60 1.57 0.950 
Basic 8 12.8 88 1.7 2.9 2.3 1 3.0 47.2 5.60 1.24 0.992 
"K" 20 gm cap 8 11.8 100 1-8 2.6 2.2 1 1.0 46.5 6.55 1.16 1.004 
Basic 7 12.2 100 2.4 2.9 2.6 1 3.0 48.0 5.55 1,07 1^000 
Ru lOO cc oral 6 12.7 100 2.0 2.8 2.4 
NaPO 60 gm cap 12 13.0 100 2.9 3.8 3.^ 1 3.0 52.3 6.05 1.13 0.908 
Basic 4 14.5 100 3.0 3.5 3.3 
Choi 12 gm cap 11 11.7 100 2.4 3.5 2.9 1 4.0 51.8 5.75 1.15 0.984 
Choi 24 gm cap 10 9.7 90 2.0 3.2 2.6 1 3.0 47.5 5.75 1.15 0.984 
Basic 16 8.0 100 1.4 2.9 2.2 1 4.0 53-9 5.45 1.12 0.907 
Tet 5 mg/lb TV 2 8.0 100 2.0 3.0 2.5 
Basic 19 7.8 100 1.8 3.7 2.8 
Aur 2 mg/lb IV 5 10.2 100 2.4 3.2 2.8 1 3.0 58.7 5.40 1.09 0.960 
Basic 10 9.0 100 2.3 3.^ 2.8 1 5.0 54.0 5.75 1.08 0.988 
Ha Co 90 gm cap 5 10.0 100 1.8 4.0 2,9 
Dsol l:4c feed 17 11.6 100 2.6 3.5 3.1 2 3.0 50.9 5.65 1.16 0.970 
Basic 10 12.3 100 2.5 2.5 2.5 
Table 3^ (Continued) 
No, Feed^ Bloat response Rumen fluid 
days cons incld Sev No. BSS ST pH Vise Sgr 
lb/day ^ AM PM Av 
Summary of basic ration 
84 10.2 99 2.G 3.2 2.5 8 3.1 51-7 5.64 1.23 0.973 
Ration med 
Prod Daily Adtii 
rate 
FIGURE 21 





















































Chronic Type Bloat; Chronological Deviations of No. 1 Hereford 
In Bloat Severity and Rumen Plaid Properties on Medicated Rations. 
(Experiment 3) 
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Chronic Type Bloat; Chronological Deviations of No. 2 Hereford 
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Table 35 
Chronic Type Bloat; Interrelationship of Bloat Severity and 
Rumen Fluid Poaminess at Time of Sampling 
(Experiment 3) 
Wo. 1 Hereford No, 2 Hereford 
ESS TPI BBS TPI 
1 1 0 1 
2 1 0 2 
2 2 1 














Regression X = 1.34 
y = 0.95 
t = 0.55, 
- 0.5 
+ 1.33 y 
+ 0.1 X 
df 3 
X = 1.20 
Y = l.H 
t = 1.09, 
- 0.3 
+ 0.735 Y 
+ 0.176 X 
 df 9 
Correlation r = 0.368 r = 0.362 
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A significant correlation (P<.Ol) existed between visual 
and instrument evaluation of bloat severity (see Table 36). 
Discussion 
An interesting feature common to most cattle observed 
during the course of the chronic bloat experiment was the 
occurrence of bleat In spite of free access to scabrous 
feeds. The basic ration, much of which was scabrous, 
received by the Hereford shown in Figure 20 was fed continu­
ously for the entire experiment (10 months). During this 
period bloating occurred almost constantly. The same was 
noted with number 2 Hereford and with many other chronic 
bloating animals which were observed. 
Inasmuch as a major purpose in this experiment was to 
determine the effectiveness of traditional prophylactic 
and therapeutic measures in reducing chronic bloat, it should 
be pointed out that products shown in Table 3^ were employed 
with little or no success. The reduction in incidence of 
bloat observed following the administration of Rumene to 
number 1 Hereford unfortunately occurred concomitant with 
eye traumaj therefore, results are difficult to evaluate. 
It is logical to attribute the decreased bloat primarily to 
the pain and malaise subsequent to the trauma inasmuch as 
this product failed to decrease bloat in number 2 Hereford. 
However, other factors could have Influenced number 2 
Hereford (see next paragraph). 
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Table 36 
Chronic Type Bloat; Correlation between Tyrnpanometer 
Reading and Bloat Severity 
(Experiment 3) 
No. 1 Hereford No. 2 Hereford 
Tymp BS Tymp BS 
0.1 0.5 0.9 2.5 
0.3 0.5 1.2 2.5 
0.5 1.0 1.2 3.0 
0.8 0,5 1.6 2.5 
0.8 1.0 1.6 2,5 
0.8 1.5 1.7 3.0 
1.3 2.0 1.9 3.0 
1.7 2.0 2.3 2.5 
1.7 2.0 2.4 4.0 
1.8 3.0 2.5 2.5 
1.9 2,5 2.5 3.5 
2.0 0 2.7 4.0 
2.0 2.5 2.8 4.0 
2.0 3.0 3.2 3.5 
2.3 1.0 3.5 4.0 








r, df 20 = 0.828 r, df U = 0.7^5 
r.Oi = 0-53T I'.oi • 0.623 
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The bloat syndronie differed in the 2 male Herefords 
as evidenced by differences in rumen fluid properties 
(see Table 34) and clinical bloat response (see Figure 21). 
Specific gravity was low and viscosity high in the case of 
number 2 Hereford, whereas these properties were quite normal 
with number 1 Hereford. Visual observation of rumen fluid 
samples supported these differences inasmuch as fluid from 
number 2 was nearly always foamy and thick while fluid from 
number 1 was water-like and rarely contained foam. In the 
few samples from number 1 which did contain foam only a 
small floating column was evident, whereas the foam was more 
interspersed in the case of number 2 Hereford. The first 
Hereford bloated more sporadically and with greater severity. 
Once the bloat was so severe that the rumen had to be 
punctured to avoid death. Conversely, on other occasions 
practically no bloat was present (see Figures 22 and 23), 
Some rumen fluid properties of the 2 animals were 
affected differently and others similarly by the same treat­
ment (see Figure 21). The rumen fluid surface tension 
decrease occurring ^  vivo (both Herefords) with Ultrawet 
"K" is in agreement with results obtained ^  vivo in Phase 6 
of Preliminary Experiments. 
The missing data in Figures 21, 22 and 23 resulted from 
difficulty in assigning rumen fluid samples to 1 particular 
treatment. Some treatments employed, such as Tetracycline, 
Aureomycin, Rumene and turpentine were necessarily for short 
FIGURE 2k-
Chronic Type Bloat: Interrelationship of Bloat Severity and 
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periods; therefore^ it was difficult to evaluate the duration 
of treatment effect or to properly assign rumen fluid samples 
to a specific period. Part of this confusion could have 
been avoided if more space and animals had been available. 
However, with limited experimental subjects and the 
constant possibility of death from bloat some expediency was 
desirableJ therefore, duration of treatments was decreased. 
With number 1 Hereford replicate numbers were small in 
the data shown in Table 35, and no conclusions should be 
drawn. Rumen fluid samples from this individual infrequently 
contained foam and never a large amount. However, the data 
in regard to number 2 animal are more reliable, and the 
correlation between degree of foam and bloat severity as 
shown in the analyses (see Table 35 or Figure 24) is probably 
dependable. 
Inasmuch as only tyrapanometer readings taken by 1 person 
were included in the data of Table 36 variability between 
personnel was eliminated. However, it was impossible to 
eliminate dally technique variations by the 1 individual. 
These variations were minimized by the adoption of a standard 
method of taking measurements wherein the position of the 
tympanometer in the paralurabar fossa and pressure applied 
against the abdomen were maintained as uniform as possible 
between readings. The relatively high correlation shown 
indicates that the visual method of evaluating bloat severity 
was approximately as accurate as the mechanical method. 
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GENERAL DISCUSSION 
Many uncertainties were encountered initially in this 
bloat research due to deficiency of information in regard 
to bloat, despite the numerous studies on this syndrome, 
and the many conflicting reports and hypotheses among 
investigators. Some of the major areas of bloat in which 
information was deficient or in which moot points existed 
were as follows: (a) methods of collecting, preparing and 
analyzing rumen fluid; (b) influence of environmental factors 
(such as diurnal variation, temperature extremes following 
collection and sample age and temperature when analyzed) 
on rumen fluid samples; (c) influence of species, breed, 
age and size on bloat tendency; (d) differences in rumen 
fluid properties between non-bloated and bloated animals; 
(e) influence of ration (including feed type, quality and 
composition as well as amount consumed) on bloat occurrence; 
(f) relationship of rumen physiology and anatomy to bloat. 
Including microfloral activity, rumlnal gas formation and 
escape and exciting or inciting factors influencing 
eructation; (g) bloat pathogenesis and (h) effectiveness, 
dosage rates and administration routes of therapeutic and 
prophylactic agents. 
Contributions in all of these areas have resulted from 
the present research. However, these contributions 
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enlightened only a small portion of the total uncertainty in 
the area of bloat, and many nevf vistas, as discussed in the 
following paragraphs, have been exposed, which may provide 
interesting and fruitful research. 
Many problems are presented when analyses of rumen 
contents are attempted. We know too little about the effect 
of environmental Influences on rumen ingesta subsequent to 
withdrawal from the animal. Evaluation of data obtained from 
sample analyses is difficult in terms of translating results 
from ^  vitro to ^  vivo conditions. Satisfactory methods 
of (a) avoiding gross changes in microfloral activity, 
(b) interpreting extent of fermentation and (c) allowing for 
putrefactive changes post-collectively are absent. Effect 
of refining rumen ingesta to facilitate laboratory analyses 
is far from clear. However, the less refinement, the more 
natural the sample} therefore, in this research the samples 
were strained only to the extent necessary to remove the 
bulk of the coarse material. 
The Anderson Expeller is efficient In extraction of 
Juices from forages and is recommended as a satisfactory 
procedure for obtaining such extracts for experimental use. 
The expeller was much superior to a hydraulic lard press 
(8 gallon capacity) which was used for a short time during 
the early stages of this study, A continuous, relatively 
efficient process of extraction is provided by the Anderson 
Expeller, Juice yields obtained were from ^5^ to 55^ of 
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the total weight of the green forage, depending upon forage 
type. It was possible to process plants chopped at 7 to 
8 A.M. so that the juice was ready for administration by 
1 to 2 P.M. Furthermore, large quantities could be 
obtained in this period of time (as much as 400 pounds of 
Juice), 
Many differences were observed between bloat occurring 
on pasture and bloat resulting from administration of 
forage extracts. Clinical appearance, rumen fluid proper­
ties and response to therapy differed between animals bloated 
on pasture and those bloated following extract administra­
tion. Consequently, one may question the validity of 
employing forage extracts to simulate pasture bloat. How­
ever, extract administration does produce bloat, thus 
facilitating availability of bloated animals for research 
purposes. In view of dissimilarities between "artificial" 
bloat and natural bloat, as noted in this thesis, reserved 
interpretation of data collected from animals bloated via 
extract administration is in order. 
The development of bloat following administration 
of pure brome grass extract is interesting and provides an 
area of research which should be developed further. Any 
explanation of why the brome grass produced bloat would be 
hypothetical. However, perhaps many forage types are 
potentially bloat-provocative, and those which we ordinarily 
do not consider dangerous and thus allow cattle to freely 
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graze (such as brotne grass) may be capable of producing 
bloat, at least to a sub-clinical degree of severity. 
Possibly such forages are not as bloat-provocative as 
alfalfa, Ladino clover and many other legumes because of 
(a) less enthusiasm with which the feed is attacked by 
ruraen microorganisms, therefore less or slower gas produc-
tionj (b) physical characteristics of the grass forage 
following ingestion (such as the effective buoyancy theory 
of Nichols, 161)J (c) differences in grazing; (d) chemical 
dissimilarities in plant composition and/or (e) differences 
in physiological response (such as salivation) to ingestion 
of grasses as compared to bloat-provocative legumes. 
No good method of producing feed-lot bloat at will has 
yet been developed. Peed-lot rations which are bloat-
provocative have been employed in this and in other research 
(112,201). However, in Experiment 2 the occurrence of bloat 
on such rations was not sufficiently dependable to permit 
prophylactic medication trials with complete assurance 
that any decrease in bloat severity could be attributable 
to the medicament. If fistulated animals are employed in 
feed-lot bloat trials permanent and tight-fitting plugs 
should be installed. 
It has been observed that frequently bloat medicaments 
are less effective ^  vivo than they are ^  vitro. Apparently 
there are counteracting factors in the rumen. The complex-
\ 
ity of environment within the ruraen provides a challenging 
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area of research to identify and ascertain the mechanlsra of 
action of any such factors. In areas where evidence exists 
that ^  vivo results differ from ^  vitro, and until a better 
understanding of these differences becomes available, one 
should be reserved in drawing conclusions relative to 
vivo response from scientific data other than that obtained 
by employing the living aninjal. 
Detergents are promising for pasture bloat prophylaxis 
providing major problems relative to detergent palatability 
and method of administration can be worked out. Certainly 
a repeat of the trial conducted in Phase 1, Experiment 1 of 
this research would be desirable. Modifications suggested 
for such a trial are as follows; (a) qualified personnel, 
preferably not more than 2 individuals, to conduct routine 
field observations at exact intervals not to exceed 2 hours, 
such observations extending from at least 5 A.M. to 9 P.M. 
dallyj (b) an alfalfa field equipped to provide irrigation 
and shaded areas and (c) routine collection of rumen fluid 
samples, with sufficient personnel to allow prompt sample 
observations and analyses. Such analyses should include 
surface tension, pH, specific gravity, viscosity, fermenta­
tion rate, liquid-solid ratio, foam 1/2 life and sample 
foaminess. 
Methyl silicone type antifoamlng agents were not effec­
tive remedies in Experiment 2 (trials were conducted only in 
feed-lot type bloat). However, additional trials are needed 
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with greater numbers of bloating animals. Prophylactic 
medication with both antifoaraing agents and cholesterol 
should be repeated at higher dosage levels than were employed 
in this experiment. In view of the uncertainty of producing 
feed-lot bloat at will, it may be desirable before conducting 
further trials to locate a sufficient number of animals 
which routinely respond to a bloat-provocative ration. 
The failure of cholesterol to greatly influence severity 
of bloat which follows administration of alfalfa extract, 
even though the cholesterol precipitable extract saponins were 
precipitated by cholesterol action vitro, arouses interest. 
One may suspect that (a) ^  vitro results are not representa­
tive of 3^ vivo results, (b) saponins are not as Important 
etlologically as has been proposed in the literature or 
(c) alfalfa extract bloat does not correspond to bloat 
occurring in animals grazing alfalfa, A logical future study 
would be evaluation of the prophylactic use of cholesterol 
in pasture bloating. 
Chronic bloat was not permanently relieved by any 
measure employed in Experiment 3> although nearly all the 
classes of pharmaceutical products and many management pro­
cedures traditionally recommended for bloat prevention were 
employed. Perhaps, anatomical, physiological and bacterio­
logical studies of chronically bloating animals are In order. 
Investigation may reveal an etiological factor common to such 
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animals. One approach would be to embalm 2 individuals which 
are comparable except for one having been chronically bloated 
and the other one not. Detailed dissection of these animals 
may reveal anatomical differences which could have been 
responsible for the behavior differences in regard to bloat. 
Comparative bacteriological studies, fluoroscopic studies 
and/or a total exchange of rumen Ingesta between the bloating 
and non-bloating animals prior to sacrificing may be 
valuable adjuncts in revealing important differences between 
them. 
The potency of birdsfoot trefoil juice, as noted in this 
research, poses the question of usefulness of this plant as 
a cattle forage. Perhaps the present efforts of agronomists 
to perfect methods of obtaining pure stands of trefoil for 
grazing purposes is a step in the wrong direction. It is 
possible that trefoil pasture toxicity has not previously 
been a hazard because the natural growth characteristics of 
trefoil make the existency of pure stands unlikely. 
Admittedly, trials in this research are limited, and a follow-
up grazing trial should be conducted on a pure stand of the 
forage to study any toxic effects. 
In spite of the contributions of this and other current 
bloat research, the armamentarium is far from being complete, 
and Inadequate advice is thus far available for livestock 
owners concerned with the problem of bloat. Many products 
on the market for preventing bloat are too expensive for 
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general use at dosage levels which may be effective. Further­
more, practical methods of administration of medicaments are 
still lacking in many instances. Consequently, as vfith 
many livestock diseases, until better information is available 
owners can only be advised to observe the traditional 
managemental procedures to reduce bloat incidence and to 
employ therapeutic and prophylactic products with wisdom. 
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SUMMARY AND CONCLUSIONS 
Bloat research presented herein consisted of preliminary 
experiments and investigation on the various types of bloat, 
namely; green forage, feed-lot and chronic. Various pre­
ventives were evaluated with each type of bloat. The proper­
ties of each diet consumed and of the rumen fluid while 
animals received each diet were characterized, and alterations 
of these properties in relation to bloat severity were 
studied. 
No absolute conclusions should be made without suppor­
tive data from other investigations. However, the follow­
ing statements, outlined by experiment, indicate results 
obtained in this research! 
Preliminary Experiments; 
1. Accurate tensiometer readings were possible on rumen fluid 
without extensive sample refinement. 
2. Hydrogen-ion values of rumen samples collected orally were 
higher than those collected via fistulae. 
3. Sample temperature influenced surface tension of rumen 
fluid much more extensively than did sample age. Stor­
age time was not critical for short periods of time in 
evaluating surface tension. 
4. Extensive water dilution but only moderate saliva dilu­
tion were required to alter appreciably rumen fluid 
surface tension. 
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5. Surfactants decreased rumen fluid surface tension both 
in vitro and ^  vivo. 
6. Diurnal variations of rumen fluid surface tension and pH 
occurredJ both decreasing from 6 A.M. to 9 P.M. 
Pasture Bloats 
1. In bloated animals the rumen fluid surface tension, foam 
1/2 life and viscosity were higher; specific gravity 
and pH were lower and foam was more extensive than in 
non-bloated animals. 
2. A sodium alkyl aryl sulfonate type detergent administered 
at a dally level of 30 grams per 1000 pounds body weight 
decreased bloat incidence and severity. 
3. Little distinct correlation between weather and bloat 
occurrence was observed. 
Forage Extracts; 
1. Bloat resulted from administration of alfalfa, Ladlno 
clover, brome grass and orchard grass extracts (juice 
extracted by pressure). 
2. The crude saponin content was high in alfalfa, medium 
in Ladlno clover and low in brorae and orchard grasses 
and birdsfoot trefoil. Cholesterol precipitated saponin 
in alfalfa extracts when introduced as an aqueous 
emulsion, but failed to reduce bloat when administered 
to cattle concurrent with administration of alfalfa 
extract. 
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3. Both whole extract (as expressed from the plant) and 
supernatant (liquid portion resulting from gravity separa­
tion of the whole extract) produced bloat in cattle, 
although pulp or chopped alfalfa failed. Fresh alfalfa 
extract was more bloat-provocative than stored extract 
(storage time ranged from 1 to 60 days). 
4. Bloat caused by forage extracts ranged from mild to 
severe and abdominal distention from minor to great. 
Fatal, non-reversible cases occasionally occurred. 
5. Addition of dextrose to forage extracts increased 
incidence and severity of bloat. Dextrose in water 
was fatal when administered at a high concentration 
and in large quantity, 
6. The rumen fluid properties that were evaluated were not 
greatly Influenced by bloat severity. 
7. In contrast to results with alfalfa pasture bloat, a 
sodium alkyl aryl sulfonate type detergent, when ad­
ministered with alfalfa extract, failed to reduce bloat 
incidence or severity or to appreciably alter rumen 
fluid, viscosity, surface tension, specific gravity or 
foam. 
8. Birdsfoot trefoil extract was toxic in very small doses, 
and fatal unless antidote was quickly administered. The 
cyanide content in this extract was high. Some cyanide 
also was found in Ladino clover extract. 
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Feed-lot Type Bloat; 
1. Bloat could not be produced at will in all animals fed 
any 1 experimental feed-lot ration. Individual 
variability in response was great inasmuch as some 
individuals would not bloat and others on the same ration 
were bloated continuously. Bloat occurrence was not 
greatly related to level of feed consumption. 
2. No one ration greatly excelled in bloat-provocation. 
Bloat was produced in rations containing dehydrated 
cereal grasses as well as in a ration identical except 
for containing dehydrated alfalfa or Ladino clover rather 
than cereal grasses. 
3. Methyl silicone type defoaraing agents were only slightly 
(if at all) effective in reducing feed-lot type bloat 
at dosage levels up to 5 times recommended levels. 
4. In bloated animals the rumen fluid surface tension, vis­
cosity, foam and pH were increased and specific gravity 
was decreased as compared to non-bloated animals. 
5 .  Additional dietary sources of basic ionsj ammonia or 
sulfur had no influence on bloat occurrence. 
Chronic Type Bloat; 
1. No prophylactic or therapeutic measures employed were 
successful in permanently reducing or curing chronic 
bloat. Such measures included antiferments, antibiotics, 
surfactants, antifrothing agents, hydrogen-ion alterants, 
cholesterol and ration composition modifications. 
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